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wherein: 

Z Is selected from oxygen and the group ~YAn wherein 
Y is selected from Ci to Cq alicyl and benzyl end An is an 

anion; 

k is zero or the integer 1; 

n is zero or an integer selected from 1 to 4; 

X is selected from halogen, nitro, cyano. alkyi, substituted 

slkyl. hydroxy, alkoxy, substituted alkoxy, alkenyl, alkeny- 

loxy, alkynyli aikynytoxy, acyloxy, alkoxycart>onyl, alkytthio, 

alkylsulfinyl, alkylsulfonyl, sulfamoyt, substituted sulfamoyt, 

aikanoyloxy, benzyloxy, substituted benzyloxy. emino, sub- 



stituted amino and the groups formyl and elkanoyi and the 
oxime, imine end Schiff base derivatives thereof; 

is selected from hydrogen, alkyI, alkenyl, alkynyl, 
substituted alky], alkylsulfonyl, erylsutfonyl, acyl and an 
inorganic or organic cation; 

R' is selected from alkyI, substituted alkyI, alkenyl, 
haloalkenyl, alkynyl and haloalkynyl; 

R' is selected from alkyl, fluoroalkyi, alkenyl, alkynyl, 
and phenyl; and 

R^ is selected from hydrogen, halogen, alkyI, cyano and 
alkoxycarbonyi. 

The compounds of the Invemlon show herblcidal prop- 
erties and plant growth regulating properties and in further 
embodiments the invention provides processes for the 
preparation of compounds of formuls I. imermediates useful 
in the preparation of the compounds of formula I, composi- 
tions containing as acth^e ingredient a compound of formula 
I, and heriE)ictdal and plant growth regulating processes 
utilizing compounds of formula I. 
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Herbicidal Cyclohexane-l i3"dione Derivatives 

This invention relates to organic contpounos 
having biological activity and in particular to organic 
compounds having herbicidal properties and plant growth 
regulating properties ^ to processes for the preparation 
of such ccr.pounds/ to intermediates useful in the pre- 
paration of such conipounds and to herbicidal com- 
positions and processes utilizing such compounds and to 
plant growth regulating ccnpositions and processes 
utilizing such compounds. 

The use of certain cyclobexane-l, 3-d lone deriva- 
tives as grass herbicides is known in the art. For ex- 
ample, the •Pesticide Manual" (C R Worthing Editor, The 
British Crop Protection Council, 6th Edition 1979) des- 
cribes the cyclohexane-l,3-dione derivative known 
cocxTiercially as allox%'dini-sodiu=! {methyl 3^^I-(allyloxy- 
imino) butyl7-4-hydroxy-6 ,6-disethyl-2-oxocyclohex-3-ene 
carbcxylate) and its use as a grass herbicide. This 
compound is disclosed in Australian Patent No 454 655 
and Its equivalents such as UK Patent No 1 461 170 and 
US Patent Ko 3 950 420. , 

More recently, at the 19 5 j British Crop 
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protection Conference (•'1980 British Crop Protection 
Conference - Weeds, Proceedings Vol i, Research 
Reports"*, p? 39 to 46, British Crop Protection Council, 
1980) , a new cyclohexane-l,3-dione grass herbicide code 
5 named K? 55 (2-N-ethoxybutriirddoyl) -5-(2•ethylthie- 
prc?yl) -3-bydroxy-2-cyclohexen*l-one) vas announced. 
This cocpound is disclosed in Australian Patent Ko 
503 917 and its equivalents • 

It has now been found that a new group of cyclo- 
10 hexane-l,3-^dione derivatives which have a 5-pyridyl 
substituent exhibit particularly useful herbicidal 
activity. 

Accordingly the invention provides a confound of 
formula 1 or an isomer thereof 



15 




I 



wherein : 



2 is selected fron oxygen and the group -YAn wherein 
y is selected from to Cg alkyl and benzi'l and An is 
an anion selected fron halide, tetraf luoroborate , 
20 laethosulfate and f luorosulf ate? 

k is zero or 1; 

n is zero or an integer selected free 1 to 4; 
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X, which may be the same or different, are independently 
selected frcn the group consisting of: halogen; nitro; 
cyano; to Cg alkyl; to Cg alkyl substituted with a 
substituent selected from the croup consisting of halo- 
5 gen, nitro, hydroxy, Cy^ to Cg alkoxy and C^^ to Cg alkyl- 
thio; Cj to Cg alkenyl; Cj to Cg alkynyl; hydroxy; C^ to 
Cg alkoxy; C^ to Cg alkoxy substituted vith a substit- 
uent selected froni halogen and to Cg alkoxy; Cj to 
Cg alkenylcxy; Cj to Cg alkynyloxy; C2 to Cg alkanoyl- 

10 oxy; (Cj^ to Cg alkoxy) carbonyl; C^^ to Cg alkylthic; 

to Cg alkylsulfinyl; to Cg alkylsulf onyl; sulfar.oyl; 
N-(Cj^ to Cg alkyl )sulfanioyl; N,N-di(Cj^ to Cg alkyl) - 
sulfa.T;oyl? benryicxy; substituted benzyloxy wherein the 
benzene ring is substituted vith from one to three sub- 

15 stituents selected frorr* the group consisting of halogen, 
nitro, to Cg alkyl, C^^ to Cg alkoxy and C^ to Cg 
haloalkylj the group NR^R^ wherein and are in- 
dependently selected from the group consisting of 
hydrogen, Cj to Cg alkyl, Cj to Cg alkanoyl, benzoyl 

20 and benzyl; the groups foray 1 and Cj to Cg alkanoyl 

and the oxiiae, inine and Schiff base derivatives thereof; 

R^ is selected froa the group consisting of: hydrogen; 
^1 ^® ^6 ^^yl? ^2 to Cg alkenyl; to Cg alkynyl; 
substituted C^^ to Cg alkyl wherein the alkyl croup is 

25 substituted with a substituent selected from the group 
consisting of to Cg alkoxy, Cj^ to Cg alkylthio, 
phenyl and substituted phenyl wherein the benzene ring 
is substituted with from one to three substituents 
selected fros; the group consisting of halogen, nitro, 

3C ci-ano, C^ to Cg alkyl, to Cg haloalkyl, C^ to C^ 

alkoxy and C^ to Cg alkylthio; Cj to Cg (alkyl) sulfonyl; 
benzenesulfonyl; substituted benzenesulf onyl wherein ^e 
benzene ring is substituted with froni one to three sub- 
srituents selected frori the group consisting of halogen, 

35 nitro, cyeno, C- to Cg alkyl, Cj^ to Cg halcalkyl, to 
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Cg alkoxy and C^^ to Cg alkylthio; an acyl group; and an 
inorganic or organic cation; 

2 

R is selected from the group consisting of: C^^ to Cg 
all^i'l; to Cg alkenyl; to Cg haloalkenyl; Cj to Cg 
alkynyl; Cj to Cg haloalkynyl; s\ibstituted Cj to Cg 
alkyl wherein the alkyl group is substituted with a sub- 
stituent selected from the group consisting of halogen, 

to Cg alkoxy, C^^ to Cg alkylthio, phenyl and sub- 
stituted phenyl wherein the benzene ring is s\:±)stituted 
with frora one to three substituents selected frcn the 
group consisting of halogen, nitro, cyano, C^^ to Cg 
alkyl, Cj^ to Cg haloalkyl, to Cg alkox\' and to Cg 
alkylthio; 

3 

R is selected from the group consisting of: C^, to Cg 
alkyl; to Cg fluoroaikyl; Cj to Cg alkenyl; Cj to Cg 
alkynyl; and phenyl; and 
4 

R is selected free the group consisting of: hydrogen; 
halogen; cyanc; C^^ to Cg alkyl; and [C^ to Cg alkoxy)- 
carbcnyl. 

When in the coispound of formula I X is chosen 
frorrv the groups formyl and C2 to Cg alkanoyl and the 
oxime, imine and Schiff base derivatives thereof, the 
nature of the oxirae, iiuine and Schiff base derivatives 
. is not narrowly critical* Although not intending to be 
bound by theory, it is believed that in the plant the 
(substituted) imine group may be reiaoved to give the 
corresponding compound of formula I in which X is formyl 
or Cj to Cg alkanoyl. Suitable values for the croups 
formyl and Cj to Cg alkanoyl and the oxims, inine and 
Schiff base derivatives thereof include groups of the 
formula -C(R^)=NR® wherein r' is chosen frcr hydrogen 
and C^ to C. alkyl, and R is chosen fro- hycrocen, C^ 
to Cg alkyl, phenyl, benzyl, hycrcx\-, C^ to Cg aLkoxy, 



0104876 



- 5 - 

phenoxv and benzyloxy. 

1 

When in the cor-pound of formula I R is chosen 
from acyl the nature of the acyl group is not narrowly 
critical. Although not intending to be bound by theorj', 
it is believed that when is acyl the acyl group 
may be removed in the plant by hydrolysis to give the 
corresponding compound of formula I in which R^ is 
hydrogen. Suitable acyl croups include: alkanoyl, for 
example to Cg alkancyl; aroyl, for example benzoyl 
and substituted benzoyl wherein the benzene ring is 
substituted with from one to three substituerts chosen 
from the group consisting of halogen, nitro, cyano, 

^1 ^6 ^^^y^' ^1 ^6 ^^l^^^'^y^' ^1 t^ ^6 ^^^^^ 
and to Cg alkylthio; and heteroaroyl, for. example 

2rfuroyl, 3-furoyl, 2-thenoyl and 3-thenoyl. 

When in the, compound of formula I R^ is chosen 
from an inorganic or organic cation the nature of the 
cation is not narrowly critical. Although not intend- 
ing to be bound by theory, it is believed that when R*^ 
is a cation the cation may be removed in the plant to 
give a compound of formula I wherein R^ is hydrogen ♦ 
Suitable inorganic cations include the alkali and 
alkaline earth metal ions, heavy metal ions including 

the transition metal ions, and the amnoniuin ion.' Suit- 

9 10 11 12 e 

able organic cations include the cation R R R R N 
wherein R^, , R^^ and R^^ are independently chosen 
free the group consisting of: hydrogen; to C^^q 
alkyl? substituted C^^ to C^q alkyl wherein the alkyl 
group is substituted with a substituent chosen from the 
group consisting of hydroxy, halogen and Cj^ to Cg 
alkox}-; phenyl; benzyl; and the groups substituted 
phenyl and substituted benzyl wherein the benzene ring 
is substituted with fror one to three sxibstituents 
chosen frcsn the group consisting, of halogen, nitre, 
C;-anc, to Cg alkyl, c^ to Cg haloalkyl, C^ to Cg 
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alkoxy and to Cg alJcylthio. 

The compounds of the invention may exist in 
either of the two isomeric forms shown below or a 
mixture of these two isomeric foinns, wherein 0 represents 
the group 





It should be recognized that when R is hydrogen, 
th.e compounds of the invention may exist in any one, or 
in any mixture, of the four tautomeric forms shown below 
wherein 0 has the meaning defined above. 
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R O 



lie 




r' ok 



Ild 



Suitable Z include oscygen. 

Suitable k include zero or the integer 1. 

Suitable n include zero and the integers 1 to 4 . 

5 Suitable X include: halogen; nitro; cyano; 

to Cg alXyl; C^^ to Cg alky 1 substituted with halogen, 
nitro or to Cg alkoxy; to Cg alkoxy; Cj^ to Cg 
alkoxy substituted with halogen or Cj^ to Cg alkoxy; Cj 
to Cg alkanoyloxy; (C^ to Cg alkoxy) carbonyl; to Cg 
10 aLkylthio; C^ to Cg alkylsulfinyl; Cj^ to Cg alkyl- 
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sulfonyl; sulfamoyl; N-(C^ to Cg alkyl) sulfaaoyl? N,N- 
dUCj^ to Cg alkyl) sulfamoyl; benzyloxy; siabstituted 
benzyloxy wherein the benzene ring is substituted with 
from one to three stabstituents selected from the group 
5 consisting of halogen^ nitro, C^^ to Cg alkyl, to Cg 
alkoxy and to Cg haloalkyl; the group NR^R^ wherein 
R and R are independently selected from hydrogen, C^^ 
to Cg alkyl, Cj to Cg alkanoyl, benzoyl and benzyl; 
the groups forsyl and Cg to Cg alkanoyl and the oxime, 
10 imine and Schiff base derivatives thereof* 

Suitable R^ include: hydrogen; C^ to Cg alkyl; 
Cg to Cg alkenyl; Cg to Cg alkynyl; substituted C^^ to Cg 
alkyl wherein the alkyl croup is substituted with a sub- 
stituent selected from the group consisting of to Cg 

15 alkoxy, Cj^ to Cg alkylthio, phenyl and substituted 

phenyl wherein the benzene ring is substituted with from 
one to three substituents selected from the group con- 
sisting of halogen, nitro, cyano, to Cg alkyl, C^^ to 
Cg haloalkyl, C^^ to Cg alkoxy and C^^ to Cg alkylthio; 

20 to Cg (alkyl) sulfonyl; benzenesulf onyl; substituted 

benzenesulfonyl wherein the benzene ring is substituted 
with from one to three substituents selected from the 
group consisting of halogen, nitro, cyano, C^^ to Cg 
aLkyl, C^^ to Cg haloalkyl, C^^ to Cg alkoxy and C^ to Cg 

25 alkylthio; an acyl groin); and an inorganic or organic 
cation . 

Suitable R^ include: to Cg alkyl; Cg to Cg 
alkenyl; Cg to Cg haloalkenyl; Cg to Cg alkynyl; Cg to 
Cg haloalkynyl; siibstituted C^^ to Cg alkyl wherein the 
30 alkyl group is substituted with substituent selected 
from the group consisting of halogen, C, to C-. alkoxv, 

to Cg alki'lthio, phenyl and substituted phenyl 
wherein the benzene ring is substituted with from one 
to three substituents selected from the group consisting 
35 of halogen, nitro, cyano, C. to C-. alkyl, C, to C^ 
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haloalkyl, C^^ to Cg alkoxy and to Cg alkylthio. 

Suitable include: C^^ to Cg alkyl; to Cg 
fluoroalkyl; Cj to Cg alkenyl; Cj to Cg alkynyl; and 
phenyl. 

5 Suitable R include; hydrogen^ halogen; cyano; 

to Cg alkyl; and (C^^ to Cg alkoxy) carbonyl. 

Preferred compounds of the invention include 
those compounds of formula I vherein: 

Z is the group -YAn wherein Y is selected from C^^ to Cg 
10 alkyl and An is a halide anion; 

k is zero or 1; 

n is zero or an integer selected from 1 to 4; 

X are independently selected from the group consisting 
of to Cg alkyl, Cj^ to Cg alkoxy,' C^ to Cg alkylthio; 
15 to Cg alkylsulfinyl, C^^ to Cg alkylsulfonyl, halogen 

and to Cg haloalkyl; 

R^ is selected fran the group consisting of: hydrogen; 
^2 ^6 ^-^^^•^l? benzoyl and substituted benzoyl 
raerein the benzene ring is substituted with from one 

20 to three substituents selected from the group consisting 
of halogen, nitro, to Cg alkyl and Cj^ to Cg alkox\-; 
benzenesulfonyl and substituted benzenesulfonyl wherein 
the benzene ring is sxibstituted with from one to three 
substituents selected fron the group consisting of 

25 halogen, nitro, C^ to Cg alkyl and C^^ to Cg alkoxy; and 
an inorganic or an organic cation selected from the 
alkali metals such as lithium, potassixmi and sodixaa, 
the alkaline earth metals such as magnesium, calcius 
and barium, the transition metals such as manganese, 

30 copper, zinc, iron, nickel, cobalt and silver, the 
ammonium ion and the tri-^ and tetra- (alkyl) ammonium 
ions wherein alkyl is selected from C, to C^ alkyl and 
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^1 ^6 *^y^^03cyalkyl; 
2 

R is selected from the group consisting of Cj^ to 
alkyl, to Cg alkenyl, to Cg alkynyl, Cj^ to Cg 
haloalkyl, to Cg haloalkeixyl and Cj to Cg halo- 
alky nyl ; 

is selected from Cj^ to Cg alkyl; 

4 

R is selected from hydrogen, halogen and CC^ to Cg 
alkoxy) carbonyl. 

More preferred coiq>ounds of the invention include 
those compounds of formula I in which the pyridine ring 
is linked through the 3-position to the cyclohexane 
ring and vrtiich have three or foxir substituents in the 
pyridine ring-. That is, expounds of formula III: 




III 



wherein: 
k is zero; 

n is selected from the integers 3 and 4; 

X are independently selected from the group consisting . 
of C^ to Cg alkyl, C^ to Cg alk03cy, halogen and C^^ to Cg 
haloalkyl; 
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b} is selected from the group consisting of hydrogen^ 

to Cg alkanoyl, benzoyl, the alkali metals, the 
transition metals, the ammoniuiti ion and the tri- and 
tetra-(alkyl) ainmoniusTi ions wherein alkyl is selected 
5 from to Cg alkyl and to Cg hydroxyalkyl? 
2 

R is selected from the group consisting of C^^ to 
alkyl, c^ to haloalkyl^ allyl, haloallyl and 
propargyl; 

R'^ is selected from to Cj alkyl; and 
4 

10 R is selected from hydrogen and {C^ to Cg alkoxy)- 
carbonyl. 

Even more preferred corr^xDunds of the invention 
include those 3-pyridyl compounds of formula III where- 
in: 

15 k is zero; 

n is selected from the integers 3 and 4; 

X are independently selected from the group consisting 
of to Cg alkyl, to Cg alkoxy, halogen and Cj^ to 
Cg haloalkyl; 

20 is selected from the group consisting of hydrogen, 

Cj to Cg alkanoyl and the alkali metals; 

2 

R is selected from the group consisting of C^^ to C^ 
alkyl, to haloalkyl, allyl^ haloallyl and 
propargyl; 

25 R^ is selected from C^^ to C^ alkyl; and 
4 

R is hydrogen. 



Particxilarly preferred values for X include 



12 - 



0104876 



methyl, nethoxy, ethoxy, broroo, chloro and trifluoro- 
methyl. 

Particularly preferred values for include 
hydrogen, to Cg alkanoyl, sodium and potassium. 

2 

Particularly preferred values for R include 
ethyl, n-propyl, allyl, propargyl, fluoroethyl and 
chloroallyl. 

Particularly preferred values for R^ include 
ethyl and n-propyl. 
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Specific examples of the compounds of the in- 
vention include those compounds detailed in Tables la 
cmd lb below 



TABLE la 




Com- 












pound 












No 












1 


all H 


H 




n-C3H, 


H 


2 


all H 


H 


a 


n-C^H^ 


B 


3 


all B 


E 


b 


n-C3H, 


E 


5 


all E 


E 


C2H5 


n-C3H^ 


c 


6 




H 


C2H5 


n-CjH^ 


E 


7 


2-CI-6-CS2 


H 




n-C3B^ 


H 


8 


2-OCH3-6-CH2 


E 


^2^5 


»-S«7 


E 


9 


2,4,6-(OCH3) 2 


H 


C2H5 


"-S«7 


H 


10 


2,6-Cl2-4-CH2 


H 


C2H5 


n-C3H, 


E 


11 


2,6-(OCH3) 


H 


C2B5 


"-C3S7 


E 


12 


2,4-Cl2-6-CE2 


H 


^2«5 


"-^3«7 


H 


13 


2-CI-4-CF3-6-CH3 


B 


C2B5 


n-CjH^ 


H 


14 


2-OCH3-4-CF3-6-CH3 


. B 


^2^5 


n-C3B7 


E 


15 


4-Cl-2,6-(CB3) 2 


B 


CjBg 


"-^3^7 


B 


16 


2,6-Cl2-4,5-(C33)2 


E 


^2^5 


"-^3^7 


. E 


17 


2-Cl-4,6-(Ca3)2 


1 H 

1 
1 


C2H5 


n-CjH^ 


E 
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TABLE la - continued 



Com- 
No 




«1 
R 


^2 
R 


„3 
R 


4 


18 


2-OCH^-4,6-(CH ) 




C2H5 


C2H3 


H 


19 


2-OCH--4,6-(CH,)- 

•3 J i 


Ka® 


2 5 


C2H5 


H 


; 20 


2-OCH-,-4,6-(CH^) ^ 


H 




n CjH^ 


rj 

n 


1 21 


2-OC2H5-4,6-(Ca3)2 


H 


C-H- 
2 5 


n-C-H- 
3 7 


H 


\ 22 


2-SCK3-4,6-(CH3)2 


H 


C2H5 


n-C.H- 
3 7 


H 


1 2^ 


4,5-Cl2-2,6-(CH3)2 




C2H5 


3 7 


H 


■ 24 


2,5-Cl--4,6-(CH,) ^ 


H 


C2H. 




n 


i 25 


2,5-Cl2-4,6-(CH3)2 




"2^*5 


3 7 


H 


25 


5-Br-2-Cl-4,6-(CH_), 

3 2 


H 


^2^5 


3 7 


H 


27 


5-Cl-2-OCH3-4,6- • 










28 


(013)2 


H 


C2H5 


n-C3H. 


B 


5-01-2-0013-4,6- 










(03)2 


Na* 


'=2«5 


"-^3^7 


H 


29 


2, 4, 6- (013) 3 


E IC2H5 


"-S^7 


H 


30 


2-Cl-4,5,6-(CE3)3 


H 


C2«5 


n-C3H, 


B 


31 


2-Cl-4,5,6-(CH3)3 


d 


^2«5 


"-«^3°7 


B 


32 


2-OCa3-4,5,6-(CH3)3 


H 


^2«5 


n-C3H, 


E 


33 


2-OCH3-4,5,6-(CH3)3 


H 


e 


"-*=3^7 


H 


34 


2-0013-4, 5, 6- (033)3 


H 


f 


^""^3^7 


H 


35 


2-OCH3-4,5,6-(CE3)3 


fi 


b 

! 




H ! 

! 
1 



Code ; a 
b 
c 
d 
e 
f 



CHjCHssCHj 

CHjOIaCHCl 

CO2C2H5 

COCHjOl (CH3) 2 

CHjCHOI 

CH2CH2F 
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TABLE lb 



Com- 
pound 
No 


Structure 


4 


OH °^2^5 

CH3 
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The compounds of the invention may be prepared 
by a variety of methods and in a further aspect the 
invention provides methods for the preparation of coa- 
pounds of formula I. 

Conveniently the preparation of the compounds 
of the invention can be considered in three or four 
parts • 

Part A involves the fcrr»ation of a 5-arv-lc\'clo- 
hexan-l,3-dione of forTiiula IX • This reaction znay be 
carried out in a two step process by: 

(i) reacting, preferably in the presence of a base, 
an aldehyde derivative of fomula V with acetone 
(IVa) or an acetone derivative ^of fomula I\^o 
to fom a ketone derivative of .fomula Via or 
VIb respectively; and reacting, preferably in th/s 
presence of a base, a ketone derivative of 
formula Via with a Ttialonic acid ester derivative 
of formula Vila or a ketone derivative of formula 
VIb with a malonic acid ester of fomula Vllb, 

to give an intermediate of formula Villa or VII lb 
respectively which may be isolated or hydrclysed 
directly, preferably in the presence of an acid, 
to give a 5-arylcj'clohexan-l,3-dione of formula 
IX, or reacting, preferably in the presence of a 
base, a ketone derivative of fonsula \'Za with an 
alkancic acid ester of formula Vllc to give a 5- 
arylcyclohexan-l,3-dione of form^ula IX; 

(ii) reacting, preferably in the presence of a base, 
ar. aldehyde derivative of formula V with a 
malonic acid ester of formula Vllb to give ar. 
arylrsethylidenemalcnate derivative of fcm-la 
Vic which is in turn reacted, preferably in rhe 
presence of a base, with an acetoacetic acid ester 
derivative of formula VI Id to give an internsciate 
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of formula VIlIc which nay be isolated or 
hydrolysec directly, preferably in ^e presence 
of an acic, to give a 5-arylcyclohexan-l,3-dione 
of formula IX; or 

(iii) reacting, preferably in the presence of a base, 
an aldehyde derivative of formula V with an 
acetic acid ester of formula IVc to give a 2- 
arylalkenoate derivative of formula VId which is 
in turn reacted, preferably in the presence of 

a base/ with an acetoacetic acid ester derivative 
of formula Vlld to give an intermediate of 
formula Villa wiich may be isolated or hydrolysed 
directly, preferably in the presence of an acid, 
to give a 5-ar\-lcyclohexan-l, 3-dione of formula 
IX. • 

Part B involves the acylation of a compoxind of 
formula IX to give a 2-ac5'l-5-arylcyclohexar-l, S^^ione 
of formula XIII, It is reaction nay be carried out by 
reacting a 5-arylcyclobexan-l,3-dione of formula IX 
with: 

(iv) an acid anhydride of formula X in the presence of 
either an alkali metal salt of the corresponding 
acid of formula XI or an aUcoxide salt of formula 
XII, wherein M is an alkali metal ion and R is 

to Cg alkyl? 

(v) an acid anhydride of formula X in' the presence of 
the corresponding acid of formula XIV; 

(vi) an acid halide of formula XV, .wherein hal re- 
presents halogen, in the presence of a Lewis acid 
catalyst; 

(vii) a zlxture of an acid halide of fcrrula >7v and the 
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corresponding acid of foraula XIV; or 

(viii) with an alkali or alkaline earth metal hydride 
followed by reaction with an acid anhydride of 
formula X or an acid halide of formula XV. 

Alternatively, this acylation reaction nay be 
carried out by: 

(ix) reacting a S-arylcyclohexan-l, 3-dione of forsiula 
IX vith an acid halide of foricula XV in the 
presence of pyridine to give an intermediate O- 
acyl derivative of forr^ula X\'I; and 

(x) riBacting the intennediate of formula XVI with a 
Lewis acid catalyst; 

(xi) reacting the intenaediate of fomula XVI with 
the acid of formula XIV; or 

(xii) reacting the intenaediate of fomula XVI with 
imidazole. 

Part C involves the fomation of a compound of 
the invention of fomula. I wherein S"^ is hydrogen, that 
is a compound of fomula II. ^is reaction may be 
carried out either by reacting a 2-aci-l-5~arylcyclo- 
hexan-l,3-dione of fomula XIII with: 

(xiii) an alkoxyarine derivative of fomula XVII; or 

(xiv) hydroxy lariae to give an interaeciate oxime 
derivative of fomula XVZII and reacting that 
inter»Dediate cxime derivative of fomula XVIII 
with an alkylating agent cf fomula XIX wherein 
L is a leaving group such as, for example, 
chloride, brordde, iodide, sulfate, nitrate, 
methyl sulfate, ethyl sulfate, tetrafluoroborate, 
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hexafluorophosphate, hexafluoroantimonate, 
nethanesulfonate, f luorosulfonate, fluoro* 
methanesulfonate and trif luoromethanesulfonate. 

Part D involves the formation of a compound of 
5 the invention of for:aula I wherein is a substituent 
other than hydrogen. 

Compounds of the invention of formula I, vherein 
R". forrr^ an ether, acyl or sulfonyl derivative of a 
compound of formula II, may be prepared fror. the corres- 
10 ponding compounds of the invention of forniula II by re- 
acting with an etherif ication, acylation or sulfonyla- 
tion reagent of forniula XX. 

Compounds of the invention of forisula I wherein 
is an inorganic or organic cation may be prepared 
15 from the compounds of the invention of formula I 

wherein It} is hydrogen, that is, cor^jounds of formula 
II, by reacting said conpoxinds of formula II with an 
inorganic or organic salt* For example, the conpounds 
of formula I wherein R^ is an alkali metal ion may be 
20 prepared by reacting the appropriate coroound of 

formula II with the appropriate aUcali metal hydroxide 
or alkoxylate. The compounds of formula I wherein R^ 
is a transition metal ion or an organic cation may 
similarly be prepared by reacting the appropriate com- 
25 pound of formula II with an appropriate transition 
metal salt or organic base. Alternatively, the com- 
pounds of formula I wherein R^ is a transistion metal 
ion or- an organic cation may be prepared by reacting 
the, appropriate cozpound of formula I wherein is an 
30 alkali metal ion with an appropriate transition metal 
salt or organic salt. 

Accordingly, in a further aspect the invention 
provides a process fcr the preparation of a confound of 
formula I, as hereir2>efore defined, which process coni- 
35 prises: 
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reacting 2-acyl-5- (ar\'l) cyclohexane-l , 3-cione 
derivative of formula XIII with an elkoxyarine 
derivative of formula XVII to give a compound of 
the invention of formula II or reacting the 2-aci'l- 
5 5-(aryl) cyclohexane-l,3-dione derivative of forr.ula 

XIII with hydroxylanine and alkylating the cxime 
intermediate of formula XVIII with an alkylating 
agent of formula XIX, wherein L is a leaving group, 
to give a compound of the invention of fcr:::ula II; 
10 and optionally 

reacting the co~.pound of the invention of formula 
II with a compound of formula XX, v^.erein L is a 
leaving group, to give a compound of the invention 
of formula I . 

-5 The structures of the compounds described above 

are detailed on the following pages wherein 0 represents 
the group 
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CH3COCH3 CH3COCH2R 
IVa ivb 

0-CKO 
V 

0-CH=CH-COCH2 
Via 

0-CH=C(CO2R)2 
Vic 

Vila 
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II 



CHjCOjR 
IVc 

i 



P-CH=CR -COCH 
VIb 

0-CH=CH-CO2R 
VId 

CH2(C02R)2 
VLlb 
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R^CHjCOjR CHjCOGiR^COjR 
VIIc Vlld 
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R'^COjH R^COhal 
XIV XV 




XVII XIX XX 




XVlll 
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Certain of the intermediate coiopoiinds of formulae 
V, Via, VIb, Vic, VId, Villa, Vlllb, VIIIc, IX, XIII, 
XVI and XVIII are novel compoiinds and therefore in 
further embodiments the invention provides novel com- 
pounds of formulae V, via, VIb, Vic, VId, Villa, Vlllb, 
VIIIc, IX, XIII, XVI and XVIII and processes for the 
preparation thereof. 

For exaitple, the tri- and tetra-substituted 
pyridine carboxaldehydes of formula V used in the pre- 
paration of the compounds of the invention of formula I 
are novel confounds. 

Accordingly, in another aspect the invention 
provides a compound of formula V 



where Z , k and X are as hereinbefore defined and' n is 
an integer selected from 3 and 4. 

In another aspect the invention provides a com- 
pound of formula IX 



vherein Z, k, n, X and R may have any of the values 
hereinbefore defined. 

In another aspect the invention provides a 
cosoound of formula XIII 




V 




IX 
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OH 




XIII 



wherein Z, n, X, R and R may have any of the values 
hereinbefore de fined « 

The confounds of formula I are active as herbi- 
5 cides and therefore, in a further aspect the invention 
provides a process for severely daisaging or killing un- 
wanted plants which process coi^rises applying to the 
plants, or to the growth oediun; of the plants, an 
effective aznount of a coxs^ounc of forsiula I as herein- 

10 before defined. 

Generally speaking the coroounds of fornula I 
are herbicidally effective against a variety of plants. 
However, certain of the conpoiands of the invention are 
selectively active against nonce tv'ledonous plants, 

15 dicotyledonous plants being relatively unaffected by 

rates of application of the cosoounds of the invention 
which are severely damaging or lethal to other plant 
species . 

Moreover, certain of the coccounds of foncula I 
2G are selectively active within the group of inono- 

cotyledonous plants and x&ay be usee at a rate sufficient 
to control oonocotyledonous weeds in cultivated crops, 
especially vild grasses in cereal crops* Certain of 
such cospounds of the invention are especially xiseful 
25 in the control of wild grasses such as wild oats and rye 
grass in crops of cultivated incnocotyledonous plants 
such as iiAeat, barley and other varieties of cereals. 
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Accordingly, in yet a further aspect the in- 
vention provides a process for controlling Bono- 
cotyledonous weeds in cultivated crops, especially wild 
grasses in cereal crops such as wheat, which process 
connrises applying to the crop, or to the growth aediuic 
of the crop, a corpound of fomula I, as hereinbefore 
defined, ir. an anount sufficient to severely damage or 
kill the weeds but insufficient to daisage the crop 
soistar.tially . 

Surprisingly, it has been found that the 5- 
(pyridyl)ci'clohexan-l,3-dione derivatives of the 
present invention in which the pyridine ring has three 
or four substituents , that is ccoipounds in v&ich the 
pyridine ring is either tetra- or fully substituted, 
in general show a significantly higher level of 
herbicidal actiyity than those compounds of the invention, 
in ^ich the pyridine ring has one or two substituents . 
Therefore, the preferred compounds of the present in- 
vention are those in which the pyridine ring has three 
or four substituents. 

The compounds of formula I may be applied 
directly to the plant (post-emergence application) or 
to the soil before the emergence of the plant (pre- 
energence application). However, the compounds are, 
in general, more effective when applied to the plant 
post-esergence , 

The compounds of formula I may be used on their- 
own to inhibit the growth of, severely damage, or kill 
plants but are preferably used in the form of a com- 
position comprising a compound of the invention in ad- 
mixture with a carrier comprising a solid or liquid 
diluent. Therefore, in yet a further aspect the in- 
vention provides growth inhibiting, plant damaging, 
or plant killing compositions .comprising a compound 
of formula I as hereinbefore defined and an agri- 
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culturally acceptable carrier therefor. 

Certain of the corapounds of formula I exhibit 
useful- plant growth regulating activity. For example, 
while compounds of formula I are selectively active 
herbicides against wild grasses in crops of cultivated 
plants at some rates of application they exhibit plant 
growth regulating effects in said crops. 

Plant growth regulating effects nay be mani- 
fested in a number of ways. For example," suppression of 
apical dominance, stimulation of auxiliary bud growth 
stimulation of early flowering and seed formation, en- 
hancement of flowering and increase in seed yield, stem 
thickening, stes shortening and tillering. Plant growth 
regulating effects shown in compounds of the invention 
may include, for example, tillering and stem shortening 
in crops such as wheat and barley. 

Accordingly in a still further aspect the in- 
vention provides a process for regulating the growth of 
a plant which process comprises applying to the plant, 
to the seed of the plant, or to the growth medium of the 
plant, an effective a.-nount of a compound of formula I, 
as hereinbefore defined. 

To effect the plant growth regulating process of 
the present invention the compounds cf formula 1 may be 
applied directly to the plant (post-emergence applica- 
tion) or to the seed or soil before the eaergenre of 
the plant (pre -emerge nee) application. 

tte compounds of formula I may be used on their 
own to regulate the growth of plants but in general are 
preferably used in the form of a composition coaprising 
a coqjouad of the invention in admixture with a carrier 
cxr5)risinc a solid or liquid diluent. !Hierefcre, in a 
sun further aspect the invention provides plant 
growth regulating coaoositions cossrisir.= a coc?o^nd of 
foamila I as hereinbefore defined and an agriculturaUy 
acceptable carrier therefor. 
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The compositions of the present invention may be 
in the form of solids, liquids or pastes. The com- 
positions include both dilute conpositions vhich are 
read^' for immediate use and concentrated compositions 
5 which may require dilution before use. Hierefore, the 
concentration of the active ingredient in the com- 
positions of the present invention will var\- depending 
on the types of formulation and whether the composition 
is ready for use such as, for example, a dust formula- 

m tion or an aqueoiis emulsion or whether the coi=)osition 
is a concentrate such as, for exar.pl€, an er:ulsifiahle 
concentrate or a wettable powder, which is suitable for 
dilution before use. In general the corr^ositions cf 
the present invention co==>rise frcni 1 ppr, to SS* by 

15 weight of active ingredient. 

The solid compositions may be in the forr of 
powders, dusts, pellets, grains, and granules wherein 
the active ingredient is mixed with a solid diluent. 
Powders and dxists may be prepared by mixing or grinding 

20 the active ingredient with a solid carrier to give a 
finely divided composition. Granules, grains and 
pellets may be prepared by bonding the active ingredient 
to a solid carrier, for example, by coating cr im- 
pregnating the preforraed granular solid carrier with the 

25 active ingredient or by agglomeration techniques. 

Exaisples of solid carriers include : mineral 
earths and clays such as, for exazrple, kaolin, bentonite, 
kieselguhr. Puller's earth, Attaclay, diaiiomaceous earth, 
bole, loess, talc, chalk, dolomite', limestone, lime, 

30 calcixim carbonate, powdered magnesia, magnesium: oxide, 

magnesiizn sulfate, gypsus, calcium sulfate, pj'rophyllite, 
silicic acid, silicates and silica gels; fertilizers 
such as, for example, assDcnioim sulfate, az^oniuz 
phosphate, amronium nitrate and urea; xiatural products 
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of vegetable origin such as, for example, grain meals 
and flours, bark aeals, wood meals, nutshell zneals and 
cellulosic powders; and synthetic polymeric materials 
such as, for exaizple, ground or powdered plastics and 
«5 resins. 

Alternatively, the solid coraositions may be 
in the form of dispersible or wettable dusts, powders, 
granules or grains wherein the active ingredient and the 
solid carrier are coRibined with one or more surface 
10 active agents which act as wetting, emulsifying and/or 

dispersing agents to facilitate the dispersion of the 
active ingredient in liquid. 

£xar:oles of surface active agents include those 
of the cationic, anionic and non-ionic type. Cationic 

15 surface active agents include quaternary airinonium com- 
pounds , for example, the long chain alkylanmoniun salts 
such as cety 1 1 rime thylamnoni urn bromide. Anionic surface 
active agents include: soaps or the alkali metal, 
alkaline earth metal and ammonium salts of fatty acids; 

20 the alkali metal, alkaline earth metal and ammonium 

salts of ligninsulfonic acid; the alkali metal, alkaline 
earth metal and ammonium salts of arylsulfonic acids 
including the salts of naphthalenesulfonic acids such 
as butylnaphthalenesulfonic acid, the ci- and tri- 

25 isopropylnaphthalenesulfonic acids, the salts of the 
condensation products of sulfonated naphthalene and 
naphthalene derivatives with formaldehyde, the salts of 
the condensation products of sulfonated naphthalene and 
naphthalene derivatives with phenol and formaldehyde, 

3a and the salts of alkylarylbenzenesulfonic acids such 
as dodecylbenzenesulfonic acid; the alkali metal, 
alkaline earth metal and ammonium salts of the long 
chain mono esters of sulfuric acid or alJc\*lsulf ates 
such as laurylsulfate and the mono esters of sulfuric 

35 acid with fatty alcohol glycol ethers. Nonionic s\ir- 
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face active agents include: the condensation products 
of ethylene oxide with fatty alcohols such as oleyl 
alcohol and ce^-l alcohol; the condensation products of 
ethylene oxide with phenols and alkylphenols such as 
isooctylphenol ^ octylphenol and nonylphenol; the con- 
densation products of ethylene oxide with castor oil; 
the partial esters derived from lone chair, fatty acids 
and hexitol anhydrides, for example sorbitan laono- 
laiirate, and their condensation products vith ethylene 
oxide; ethylene oxide/propylene oxide block copcl\TDers; 
lauryl alcohol polyglycol ether acetal; aiid the 
lecithins. 

The liquid coci^ositions say cociprise a solution 
or dispersion of the active ingredient in a liquid 
carrier optionally containing one or r.cre surface active 
agents which act as wetting, enulsifying and/or dis- 
persing agents. Exar.ples of liquid carriers include: 
water; mineral oil fractions such as, for exar^le, 
kerosene, solvent naptha, petrcleur^, ccal tar oils and 
aror.atic petroleirz: fractions; aliphatic, c\'Cloaliphatic 
ajid arocaatic hydrocarbons such as, for exa:r2>le, 
pairaffin, cyclohexane, toluene, the x\'lenes, tetra- 
hydronaphthalene and alkylated naphthalenes; alcohols 
such as, for exarzple, nethancl, ethanci, propanol, 
isopropar.ol, butanol, cj-clchexanol and propylene glycol; 
ketones such as, for exarple, cyclohexanone and 
isophorone; and strongly polar organic solvents such as, 
for exan5)le, dimethylf onaaride, dimethylsulf oxide, N- 
aethylpyrrolidone and sulfolane^ 

A preferred liquid c<xipositior. ccc^rises an 
aqueous suspension, dispersion or enuision of the active 
ingredient which is suitable for application by spraying, 
atccizing or watering. Such aqueous carpositior^ are 
generally prepared by xnixinc concentrated coroositions 
vith water. Suitable concentrated ccspositiozis include 
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enulsion concentrates, pastes, oil dispersions, aqueous 
suspensions and wettable powders. The concentrates are 
tisually required to withstand storage for prolonged 
periods and after such storage to be capable of dilution 
with water to forn aqueous preparations which remain 
honogeneous for a sufficient time to enable them to be 
applied by conventional spray equipment. The con- 
centrates conveniently contain from 20 to 99%, prefer- 
ably 20 to 60%, by weight of active ingredient. 

Emulsion or enulsif iable concentrates are con- 
veniently prepared by dissolving "the active ingredient 
in an organic solvent containing one or more surface 
active agents. Pastes may be prepared by blending the 
finely divided active ingredient with a finely divided 
solid carrier, one or more surface active agents and 
optionally an oil. Oil dispersions may be prepared by 
grinding together the active ingredient, a hydrocarbon 
oil, and one or more surface active agents. Aqueous 
suspension concentrates may conveniently be prepared by 
ball milling a mixture of the active ingredient, water, 
at least one surface active agent and preferably at 
least one suspending agent. Suitable suspending agents 
include: hydrophilic colloids such as, for example, 
poly (N-vinylpyrrolidone) , sodiuii carboxymethylcellulose 
and the vegetable guss gum acacia and gun tracacanth; 
hydrated colloidal mineral silicates such as, for ex- 
ample, montnorillonite , beidellite, nontronite, 
hectorite, saponite, sauconite and bentonite; other 
cellulose deriva.tives; and poly (vinyl alcohol). Wett- 
able powder concentrates may conveniently be prepared by 
blending together the active ingredient, one or more 
surface active agents, one or more solid carriers and 
optionally one or more suspending agents and grinding 
the mixture to give a pcvder having the required 
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particle size. 

The aguecus suspensions^ dispersions or 
eiDulsicns may be prepared from the concentrated coc-- 
positions by mixing the concentrated compositions with 
5 vater optionally containing surface active agents and/cr 
oils . 

It should be noted that the ccsspounds of the 
. invention of formula I wherein is hydrogen are acidic. 
Therefore, the cccpounds of formula I cay be forsulatec 

10 and applied as the salts of organic or inorganic bases. 
In formulating andecploying the compounds of formula I 
in the form of their salts either the salts per se, that 
is the compounds of formula 1 wherein is ar. incrganic 
or an orgarJ.c cation, nay be used in the formulation or 

15 the compounds of formula 1 wherein R^ is hydrogen may be 
used in the formulatiion and the salts generated in situ 
by the use of the appropriate organic or inorganic base. 

The mode of application of the con^ositions of 
the invention will depend to a large extent on the type 

20 of composition used and the facilities available for its 
application, solid compositions may be applied by dust- 
ing or any other suitable means for broadcasting or 
spreading the solid. Liquid compositions may be 
applied by spraying, atomizing, watering, introduction 

25 into the irrigation water, or any other suitable means 
for broaccastinc or spreading the liquid. 

The rate of application of the compounds of 
the invention will depend on a number of factors includ- 
ing, for exaaole, the compound chosen for use, the 

30 identity of the plants whose growth is to be inhibited 
the formulations selected for use and whether the cco- 
pcund is to be applied for foliage or root uptake. As 
a general guide, however, an application rate of free?. 
0.005 to 20 kilograms per hectare is suitable %±ile from 

35 0.01 to '5.0 kilograms per hectare aay be preferred. 
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The compositions of the invention may comprise, 
in addition to one or more ccoipounds of the invention, 
one or more compounds not of the invention but vhich 
possess biological activity. For example, as herein- 
5 before indicated the compounds of the invention are in 
general substantially more effective against mono- 
cot%*ledonous plants or grass species than against 
dicotyledonous plants or broad-leaved species. As a 
result, in certain applications the herbicial use of the 

IQ cocpouncs of the invention alone icay not be sufficient to 
protect a crop. Accordingly in yet a still further 
embodiment the invention provides a herbicidal ccHa- 
position carprising a mixture of at least one herbicidal 
cocpounc of formula I as hereinbefore defined with at 

15 least one other herbicide. 

The other herbicide may be any herbicide not 
having the formula I. It will generally be a herbicide 
having a coaplementary action. For exairple, one pre- 
ferred class is of mixtures cccprising a herbicide active 

20 against broad-leaved weeds. A second preferred class is 
of cixtures comprising a contact herbicide. 

Example of useful complementary herbicides 
include : 

A. benzo-2,l,3-thiaGia2in-4-one-2 ,2-dioxides such as 
25 3--isopropy lben2o-2 , 1 , 3-tiiiaaia2in-4-one-2 , 2N^ioxide 

(coin=ion name bentazon)'; 

B. horiDone herbicides cind in particular the pbenoxy- 
alkanoic acids such as 4-chloro-2-methylphenoxy 
acetic acid (common name MCPA) , 2- (2,4-dichloro- 
30 phenox-^*) propionic acid (ccaiaon name dichlorpro?) , 

2,4,5-trichloropheDox\'acetic acid (common name 
. 2,4^5-T), 4- (4-chlcro-2-iaethylphenox5') butyric acid 
(cozsmon name MCPB) , 2,4-dichlorophencxyacetic acid 
( oom moc name 2,4-D), 4-*(2j4-dLLchloropbenoxy) butyric 
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acid (coramon naiae , 2-{4-chloro-2-aethyl- 

phenoxy) propionic acid (cccsnon naitie Decoprop) f and 
-their derivatives (eg salts, esters, asides and the 
like); 

3-^?-"(4-halophenoxy)phenyl7-l#l-diallc5-lureas such as 

3- ^4- ( 4-chlorophenoxyl pheny l7-l , 1-dimethylurea 
(coniton name chloroxurcn) ; 

dinitrophenols and their derivatives (eg acetates) 
such as 2-methyl-4,6-dinitrophenol (coesson nazse 
DNOC) , 2-*tertiarybut\-l-4,6--dinitrophenol (coomon 
name dinoterb) , 2-secondarybutyl-4 ,6-dinitrophenol 
(c^xnon name dinoseb) and its ester dinoseb acetate; 

dinitroaniline herbicides such as K' ,N•-diethyl- 
2 , 6-dinitro-4-trif luoroaethyl-iR-phenylenedianiine 
(comnion naine dinitraiaine) , 2,6-dinitro-K,K-dipropyl- 

4- -trif luoro&ethylaniline (cocmion naaie trifluralin) 
and 4-inethylsulf onyl-2 , 6-dini tro-N,N-dipropylaniline 
(common name nitralin) ; 

phenylurea herbicides such as N • - ( 3 , 4-dichloro- 
phenyl)-K,N-diinethylxirea (common name diruon) , 
N , N-dimethyl-N • -^3- ( trif luoromethy 1) pheny l7urea 
(common name fluometuron) and N'-(4«i5opropyl 
phenyl) -N^NT^dimethylurea; 

pheny Icarbampyloxypbenylcarbamates such as 3- 
^(methoxycarbonyl) asin27phenyl ( S-methylphenyl) - 
carbamate (cocanon name phenmedipham) and 3-^Tethoxy- 
carbonylamino7?henyl pheny Icarbanate (cccson name 
cesmedipham) ; 

2-phenylpyrida2in-3-ones such as 5-asino-4-chloro-2- 
pbenylpyrida2iD-3*one (common name pyrazon) ; 
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!• uracil herbicides such as 3-cyclohexyl-5,6- 

trimethyleneuracil (cocinion name lenacil) , 5-rbrOTO- 
3-sec-butyl-6-iDethyluracil (coimon naae .broaacil) 
and 3-tert-butyl-5-chloro-6-aethyluracil (coiaDon 
5 name terbacil) ; - 

J. triatine herbicides .such as 2-chlorc-4-ethylaiiiino-6- 
(iso-propylaffiino)-l,3,5-triazine (cocaon name 
atrazine) , 2-chloro-4 , 6-di (ethylandno) -1,3,5- 
triazine (conaon name s'inazine) and 2-a2ido-4- 
10 (iso-pro?ylaEino)-6-iDethylthio-l,3, 3-triazine 

(conunch name aziproptryne) ; 

K. l-alkoxy-2-aIkyl-3-phenylurea herbicides such as 
3- ( 3 , 4-dichlorophenyl) -1-methoxy-l-methylurea 
(conaon name linuton) , 3- (4-chlorophenyll-l- 
15 methoxy-l-methylurea (cdmrobh hame monolinuron) and 

3- (4-bromo-4*chlorophenyl) -1-methoxy-l-Eethylurea 

(conmon name chlorobromuron) 

L. thiocarbaiaate herbicides such. as S-pro?yl dipropyl- 
thiocarbamate tconrapri name verplate) ; 

20 l,2,4-triazin-5-one herbicides such' as 4-a=ino-4,5- 

dihydro-3-methyl-6-phenyl-l,2,4-tria2ine-5-one 
(concaon name metamitroa). and 4 - amino- 6 - te r t- bu ty 1 
4 , 5-dihydro-3-methylthio-l ,2 ,4-tria2ir.-5-one 

(coszkon name metribuzin) ; 

25 K. benzoic acid herbicides such as 2,3,6-rrichloro- 

benzoic acid (common /name .2, 3,6 -TBAi , 3,6-cichloro- 
2-methyoxybenzoic acid (common name dicaxba) and 3- 
amino-2,5-dichiorobehzoic acid ( co mae n naae 
chloramben) ; 
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anilide herbicides such as W-butoxynethyl-o^cbloro* 
2* ,6**diethylacetanilide (COTmon naae butachlor) , 
the corresponding N-methoxy cos^ound (conmon name 
alachlor) , the corresponding N-iso-propyl conpound 
(cossBon nai&e propachlor) and 3\4**dichIoro* 
prppionanilide (coiamon nazDe propanil) ; 

dihalobenzonitrile herbicides such as 2,6-dichloro- 
benzonitrile (connon name dichlobenil) , 3,5*cibronKD- 
4-hydroxyben2onitrile (cossaon naae broDOx^'nil) and 
3,5-diiodo-4-hydroxybenzonitrile (coason naz&e 
ioxynil) . 

Baloalkanoic herbicides such as 2,2»dichloro« 
propionic acid (coaaon naxne dalapcn) , trichloro* 
aceric acid (common naaie TCA) and salts thereof; 

diphenylether herbicides such as 4-nitrophenyl 2- 
nitro*4-trifluoromethylphenyl ether (eocnon nane 
f luorodifen) , methyl 5->(2,4*dichlorophenoxy)«2- 
nitrobenzoate (coiamon naae bifenox) , 2-nitro-5-(2* 
chloro«4*trifluorofflethylphenoxy} benzoic acid and 

2- chloro-4-trifluoromethylphenyl 3-ethoxy-4-nitro- 
phenyl ether; 

K* (heteroarylaainocarbonyl) benzenesulf onaxudes 
such as 2-chloro-N-^74-methoxy6-methyl-l,3,5- 
triazin-2-*yl)azainocarbonyl7benzenesulfonaaiae 
(cooaonly known as DPX 4189) ; and 

miscellaneous herbicides including KrN-ciaethyl- 
diphenylacetaaide (coaaon naae diphenaxid) » K-{1* 
naphthyDphthalaaic acid (coaaon naae napwalan} and 

3- axsiao-l , 2 , 4- triazole • 



Exasples of useful contact herbicides include: 
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U. bipyridyliujD herbicides such as those in which the 
active entity is the l,l'-dimethyl-4 ,4"- 
dipyridyliuzD ion (common name paraquat) and those 
in which the active entity is the 1 ,l'-ethylene- 
5 2,2'-diFyridylium ion (common name diguat) ; 

V. organoarsenical herbicides such as monosodium 
methanearsonate (common name MSMA) ; and 

W. amino acid, herbicides such as (phosphonoaethyl) - 
glycine (coimnon name glyphosate) and its salts 
10 and esters. 
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The invention is now illustrated by, but in ho 
way limited to, the following Examples wherein all 
temperatures quoted are in degrees Centigrade. 

Example 1 

Preparation of 3^-cyanopyrid*2^ones 

a) 3-Cyano-6-methylpyrid-2-one was prepared from 3-oxo- 
bu tyr aldehyde- 1-dime thy lace tal and cyanoacetamide 
following the procedure of Binovi and Arlt (J. Org. 
Chem. 26, 1656, 1961). 

b) 3-Cyano-6-hydroxy-4-methylpyrid-2-one was prepared 
from ethyl acetoacetate and cyanoacetamide follow- 
ing the procedure of Bcd>bitt and Scola (J. Org. 
Chem. 25, 560, 1960). 3-Cyano-4,5-dimethyl-6- 
hydroxypyrid«2-*one was similarly prepared from 
ethyl methylacetoacetate and cyanoacetamide. 

c) 3-Cyano-6-methyl-4-trifluoromethylpyrid-2-one was 
prepared from 1,1,1-trifluoroacetylacetone and 
cyanoacetamide following the procedure of Kametani 
and Sato (Yakugaku Kenkyu 34, 117, 1962). 3-Cyano- 
4,6-dimethylpyrid-2*one and 3-cyano-4,5,6-trimethyl- 
pyrid-2-one were similarly prepared from acetyl- 
acetone and cyanoacetamide, and 3-methylpentan- 
2,4-dione and cyanoacetamide respectively. 

dl 5'cChloro-3-cyano-4,6-diaethylpyrid-2-one was pre- 
pared from 3-cyano-4,6-dimethylpyrid-2-one following 
essentially the same procedure as that described by 
Gershon, Dittmer and Braun (J. Org. Chem., 26, 1874, 
19611 for the chlorination of 6-methyluracil . 

e) 5-Bromo-3-cyana-4 ,6«rdimetl^lpyrid-2-one was pre- 
pared froa 3-?cyano-4,6-diinethylpyrid-2-one follo%d.ng 
essentially the same procedure as that described by 
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Coiains and Lye (J. Org. Che»., 41, 2065, 1976) 
for the brcnination of l,3-dinethyl-2-pyridone. 

All products were characterized by proton 
nuclear magnetic resonance spectroscopy and physical 
data and spectroscopic data are recorded in Table 2. 

TABLE 2 






Appearance 


Proton Chemical Shift 
9 in ppm (DMSO-dg) 


6-CH3 


Colourless 
solid, mp 
290® 


Not recorded 


4-CH2-6-OH 


Colourless 

solid, 

>260® 


2.32(3H,s)? 5.82{lH,s}; 
8.67(2H,br5) . 


4-CP3-6-CH2 


Colourless 
solid, mp 
234® 


2.38(3H,s)j 6.47(lH,s); 
8.78(lH,s}. 


4,5-(CH3) 2* 
6-OH 


Creara 
solid, mp 
236-40® 


1.89(3H,s); 2.21(3H,s}; . 
6.0S(2H,brs) 


4,6-(CH3}2 


Colourless 
solid, mp 

286-88® 


2.23 (3B,s); 2.30(3B,8l; 
6.14(lB,s); 12.I6(lB,8l. 
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TABLE 2 continued 





Appearance 


Proton Qiexfiical Shift 
6 in ppxD (DMSO-dg) 


4,6-(CH3) 2- 


Light brown 


2.36(3H,s); 2.4l(3H,si; 


5-Cl 


needles, np 


3.31(lfi,brs} . 




2x0 






(sublimes) 




4,6-{C2i3) 2- 


Colourless 


2.37(3H,s) ; 2.46(3H,s) ; 


5-Br 


solid, 


12.79(lH,s) , 




267^ 




4,5,6- 


Colourless 


.1.92(3H,s) ; 2,24(3H,s) ; 


(013)3 


solid, mp 


.2.3(3H,s); ll,98(lH,brs) . 




>260° 





Example 2 

Preparation of 3"cyanopyrid"'4-ones 

a) 3-Cyano-2,6-dimethylpyrid-4-one was prepared from 
3-aiainocrotononitrile and diketene following the 
procedure of Kato et al CYakugaku Zasshi 91, 740, 
1971). 

b) 5-Chloro-3-cyano-2,6-dimethylpyrid-4-one was pre- 
pared from 3-cyano-2,6-diinethylpyrid-4-one following 
essentially the same procedure as that described 

by Gershon^ Dittmer and Braun IJ. Org. Chem., 26, 
1B74, 1961) for the chlorination of 6-methyluracil. 

The products were characterized by proton nuclear 
magnetic resonance spectroscopy and physical data 
and spectroscopic data are recorded in Table 3. 
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TABLE 3 





Appearance 


Proton Chemical Shift 
6 in ppm (DMSO-dg) 


2,6-(CH3)2 

2,6-{CH3) 2" 
5-Cl 


Colourless . 
solid, . 
299° 

Colourless 
solid/ np 
. >260® 


1.92(3H,s} ; 2.12(3H,8) ; 
S.74(lH,s);. 11.3(lH,s). 

• 

2.36(3H,8) ; 2.42C3H,sl; 
a2.23UB,bZ8).. 



Example 3 

Preparation of 3--cyanopvridines 

The 3-cyanopyridines were prepared by one of the 
fol loving methods: 



a) 2-Chloro-3-cyano-4,6-diroethylpyridine was prepared 
from 3-cyano-4,6-dimetbylpyrid-*2«-one and phosphorus 
oxychloride following the procedure of Xasetani and 
Sato (Yakugaka Kenyu 34, 117, 1962). 

b) i) n-Pentyl 4-hydroxy-6-methylpyrid-2«one-3- 

carboxylate was prepared from ethyl 3-amino- 
crotonate, diethyl malonate, n-pentyl alcohol 
ajid sodium following the procedure of Bruce 
and Perez-Medina (J. Amer. Chem, Soc. 69, 2571, 
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1947) , and vas obtained as a white solid, nip 
142-44®. Pmr spectrum (6 in ppa; acetone-dg 
0.77-1.87 (9H,in); 2,31 (3H,s) ? 4.31 (2H,t)y 
5.80 (lE,s); OH and NH not observed. 

5 (ii) 4-Hydroxy-6-inethylpyrid-2-one-3-carboxainide 

was prepared from n-pentyl 4-hydroxy-6- 
inethylpyrid-2-one-3-carboxylate and ethanolic 
ainmonia following the procedure of Bruce and 
Perez-Medina (J. Amer. Chem. Soc. 2571, 
10 1947) , and was obtained as a white solid, 

xnp 255®. Pmr spectrum (5 in ppn: DHSO-dg) : 
2.17 (3H,s); 5.85 (lB,s) ; OH and NH not 
observed . 

(iii)- 3-Cyano-2,4-dichloro-6-2Dethylpyridine was 
15 prepared from 4-hydroxy-6-inethylpyrid-2-one- 

3-carboxamide and phosphorus os^chloride 
following essentially the same procedure as 
that described in Method a) above. 

c) 3-Cyano-6-methylpyridine was prepared by hydrogena- 
20 tion of 2-Aloro-3-cyano-6-Bethylpyridine following 

essentially the same procedure as that described 
by Bobbitt and Scola (J. Org. Chem. 25, 560, 1960). 

d) 3-Cyano-4 ,6-dimethyl-2-methoxypyridine was prepared 
by reacting 2-chloro-3-cyano~4,6-dimethylpyridine 

25 and sodium methoxide in refluxing methanol 

e) 3-Cyano-2-ethoxy-4,6-dimethylpyridine was prepared . 
by reacting 3-cyano-4,6-dimethylpyrid-2-one with 
triethyloxoniua tetraf luoroborate in dichloro- 
methane. 

30 f) (i) • 3-Cyano-4,6-diniethylpyrid-2-thioae was pre- 
pared from 3-cyano-4,6-dimethylpyridine and 
thioiirea following the procedure of Guerrara, 
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Siracusa and Tornetta (11/ Farmaco Ed. Sc. 
31, 21, 1975) , and was obtained as yellow 
needles, np 245-250®. 

(ii) 3-cyano-4 , 6-diniethyl-2-methy Ithiopyridine 

was prepared by methylatlon of 3-cyano-4,6- 
dinethylpyrld-2-thione using the method of 
Renault (Am. Chim. 10, 135, 1955) . 

g) 3-Qfano-2,4,6-trimethylpyridine was prepared from 
3-aminocrotonitrile and ace^lacetone following 
the procedure of Kato and Node (Chem. Pharm. 
Bull. 24, 303, 1976). 

All products were characterized by proton 
nuclear magnetic resonance spectroscopy and method 
of preparation, physical data and spectroscopic data 
are recorded in Table 4. 

TABLE 4 

CN 



\ 
\ 

n I thod 


i^pearance 


Proton Chemical Shift 
5 in ppm (CDCl^) 


2-Cl-4,6- 

«=3>2 
2-C1-6- 

2,6-Cl2- 
4-CH3 


1 

i 

i 

! 
1 

a 


White soUd; 
np 98-100° 

Khite solid; 
up 120° 


2.55(3B,s); 2.S7(3H,s); 
7,10(lH,s). 

2.60(3E,s); 7.20(lB,d); 
7.84(lE,d). 

2.61(3H,S); 7.35{la,s). 

1 
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TABU 4 continued 



«Jn 


Me- 
thod 


i 

Appearance : 


Proton wieiucai. sm>rc 
6 in ppm (CDCl^) 


2-C1-6- 


a 


oil 


2.76(3H,s); 7.55(lH,s) . 


3 3 








.6- 


a 


White solid r ! 


2.57(3H,s); 2,75{3H,s); 


* 3 2 




mp 78-80° 


7.17(lH,s) . 






Yellow 


2.38(3H,s); 2.58(3H,s) . 


4,5-(CH,), 




solid, lap 








76°C 

i 




2-cl-4,6- 




White solid,: 


2.55(3H,s); 2.57(3H^s) ; 


^™3^2 




mp 98-100° 


7.10(lE,s) . 


• # • ^ 




White solid. 


2.69(3H,s} ; 2.71(3H,s) . 


2,6-(CH3)2 




np 128° 




2.5-C1-- 


a 


Brown solid. 


2.63(3H,s) ; 2.68{3H,sl . 


4,6-(CH^) n 
^' ^ 3' 2 




m 82° 






9 

a 




2. 56 (6H.s) . 


4,6-(CB^) ^ 








2-Cl-4,5,6- 


a 




2.26(3B,8); 2.51(3B,s} ; 


3 3 






2.56(3H,s) . 


2,4-Cl2-6- 


b 


White solid. 


2.62(3H,s) ; 7.30(lH,s) , 


CH3 




mn 101° 




6-CH3 


c 


Vlbite solid. 


2.60C3H,s) ; 7.23(lH,d) ; 






89° 


7.82(lH,dofd} ; 8.68 








(la,.d) . 


2-0230-4,6- 


d 


White solid, 


2.44(6B,s) ; 4.00(3H,s) : 


(CH3)2 




mp 97-99° 


6.67(lB,s) . 


2-CB3O-6- 


d 




2.5(3H,s); 4.03(3H,s); 


CH3 






6.82(1H,8} ; 7.73{lfi,s) 
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TABLE 4 continued 





Me- 
thod 


Appearance 


Proton Chemical Shift 
6 in ppxn (COCI3) 


2,6-(CH20)- 


d 




2.42(3H,s) ; 


3.99(3H,s) ; 


4-CH3 






4.02(3H,s) ; 


6.21(lH,s) . 


2-CH3O-6- 


d 


White solid. 


2.60{3H,s) ; 


4.09(3H,s) ; 


CH3-4-CF3 




mp 73-74° 


7.09{lH,s) . 




5-C1-2- 


d 


White solid. 


2.52(3H,s) ; 


2.57(3H,s) ; 


0130-4,6- 




mp 91-93° 


4.00(3H,s) . 




(CH ) 






1 




2-CH3O- 


d 




2.14(3H,s) ; 


2.41(3H,s) ; 


4,5,6- 






2.46 (3H,s) ; 


3.97(3H,s) , 


3 3 










2-C2HgO- 


e 


White soUd, 


1.41(3H,t) ; 


2.43(6H,s} ; 


4, 6- (013)2 




tnp 88° 


4.45(2H,g} ; 


6.66(1H,S} . 


4,6-{CH3) 2" 


f 


Yellow 


2.4(3H,s),- . 


2.48(3H,s) ; 


2-CH3S 




solid. Tap 
87° 


2.57(3B,s) ; 


7.08(lB,s) . 


2,4,6- 


g 


White solid. 


2.48(3H,s} ; 


2.54(3B,s) ; 


(^3)3 




Tap 48-50° 


2.71(3H,s) ; 


6.95(1E,S) . 



Example 4 



Preparation of pyridine-a-cariDcacaldehydes 

al 2,4,6-Trijnethoxypyridine-3-carboxaldehyde was pre- 
pared by the follovring proced\3xe: 

i) 2,6-Dichloropyridine-l-oxide vas prepared 

from 2,6-dichloropyridine following Cie pro- 
cedure of Rousseau and Robins tJ. Het. Cbem. 
2, 196, 1965)^ and vas <*tained as colourless 
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crystals, mp 142^. 

ii) 2,6-Dichloro-4-nitropyridine-l-oxide was 
prepared by nitrating 2,6-dichloropyridine-l- 
oxide by the method of Rousseau and Robins 

(J. Bet. Chem. 2, 196, 1965), and was obtained 
as a light yellow solid, mp 177-78^. 

iii) 2,4,6-TriiDethoxypyridine-l-oxide was prepared 
by reacting 2,6-dichloro-4-nitropyridine-l- 
oxide and sodiiun nethoxide by the method of 
Johnson, Katrizky and Viney (J. Chem. Soc. 

B, 1211, 1967] , and was obtained as white 
needles, mp 108-09^. 

iv) 2,4,6-Trimethoxypyridine was prepared by re- 
acting 2,4,6-trimethoxypyridine-l-oxide and 
phosphorus trichloride by the method of 
Johnson, Katrizky and Viney (J, Chero, Soc. B, 
2211, 1967) , and was obtained as a colourless 
solid. Pmr spectrimi (o in ppm; CDCl^) : 3.77 
C3H,sl; 3.87 C6fl,s),- 5.85 C2H,sl . 

vl 2,4, 6-Triroe thoxypyridine-3-carboxaldehyde 

was prepared from 2,4,6-trimethoxypyridine by 
Vilsmeir fo3nnylation using the same procedure 
as that described by Koirois et al (Eur. J. 
Med. Chem. - Chimica Ther. 12, 531, 19771 for 
the fomylation of 2,6-di2fiethoxypyridine. 

All other pyridine«-3-carboxaldehydes were prepared 
by reacting the appropriate 3-cyanopyridine with 
diisobutylaluainixm hydride following essentially 
the same procedure as that described by Beak et al 
CJ. Org. Chem. 45^, 1354, 1980) for the reduction 
of 3-cyano-2-methoxy-6-methylpyridine . 

All products were civaracterized by proton nuclear 
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magnetic resonance spectroscopy and physical data and 
spectroscopic data are recorded in Table 5. 

TABLE 5 

CHO 






Appearance 


Proton Chemical Shift 
6 in ppm (CDCI3) 


■6-CH3 


Orange oil 


2.6t3H,sl; 7.24(lH,d); 7.99 
tlH,in); 8.84(lH,d); 9.96 
tlH,s) . 




niu. te SOllO, 
mp 67° 


2.64(3H,s); 7.25(lH,d); 
8.14(lB,d) ; 10.42(lH,s) . 


2-OCH3-6- 
^3 


White solid, 
B?) 39° 


2.50(3H,s); 4.04(3H,s) ; 
6.83{lH,d); 7.98{lH,d); 
10.30(l£,s). 


2,6-Cl2- 
4-CH2 




2.61(3H,s)j 7.18(1H,S); 
10.47{1H,S) . 


2,6-(OCH3) 2' 
4-CH3 




2.57(3H,s); 3.93(3H,s) ; 
4.02(3B,s); 6.09(l2,s); 
10.37(lfl,s) . 


2,4-Cl2-6- 
CH3 


Colourless 
needles, vap 
62-3° 


2.59 (3H,s) ; 7.25(lH,s) ; 
10.44(lH,s) . 

1 
1 


2-CI-4- 
CP3-6-CH3 


Oil 


2.69(3B,s); 7.50(lB,s);. 
10.4S(lB.,s) . . 

i 
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TiffllE 5 continued 





Appearance 


Proton Chemical Shift 
5 in ppm (CDCI3) 


2-OCH2-4- 




Oil 


2.57(3H,s} ; 


4.07(3H,s) ; 


CF3-6-CH3 






7.10(lH,s) ; 


10.39(lH,s) . 


4-Cl-2,6- 




White solid. 


2.5S(3B,s) ; 


2.77(3H,s); 


(03)2 




nip 40-3° 


7.14(lH,s) ; 


10.60(lfi,s) . 


2,6-Cl2- 










4,5-tCH3) 


2 


Low-melting 


2.35(3H,s) ; 


2.58(3H,s) ; 






pale yellow 


10.50(lErS} 


• 






solid 






^A—?l f w — 




White solid, 


0 1? ^ f e ^ • 

^ • d 3 1 , S J ; 




(CH.) . 
3 2 




mp 45-6^ 


7.03{lH,sl ; 


10.54(lH,s) . 






- 


^ • J7 V / Si / 


4C • 4 0 \ on , S i ; 




2 




^ • 7 / I On , s 1 f 


D •34 tJ-n ,si ; 








10.4(lH,s) • 




2-SCH2- 




Yellow solid. 


^ • u 0 V on , 5 y , 


£ mXo \ on f s i f 




2 


np 72-3" 


V* 


10 35flW el 

xu«j9ixn,5i • 






White solid. 






2,6-tCH3l 


2 


np 58 


10.58(lB,s) 


• 


2,5-Cl2- 




White solid. 


2.67(6H,s} ; 


10.5ClE,sl . 


4,6-CCH3) 


2 


sqp 90 






5-Br-2-Cl 






2.68C3H,s) ; 


2.73C3E,sl ; 


4,6- (CH3) 


2 




10.42(lH,s) 


• 


2-OCH3-5- 




Oil 


2.57(3B,s) ; 


2.66(3H,s) ; 


Cl-4,6- 






> 4.00(3H,s) ; 


10.45(lfi.s} . 


(CS3)2 






1 




2,4,6- 




Yellow oil 


: 2.50(3B,s) ; 


2.54{3B,s} ; 


((=3)3 




t 


! 2.76(3B,s) ; 


6.88(lB,s); 


i 

1 




1 


: 10.54 (1H,S} 


• 
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TABLE 5 continued 



n 


Appearance 


Proton Chemical Shift 
6 in ppm (CDCI3) 


2-Cl-4,5,6- 




2.25(3H,s); 2.52{3H,s); 


(013)3 




2.56(3H,s) ; 10.51(lH,s) . 


2-OCH3- 




2.12(3H,s); 2.39{3H,s); 


4.5,6- 




2.51(3H,s) ; 3.97(3H,s) ; 






10.47(lH,s) . 


2,4,6- 


Yellow oil 


3.9(3H,s) ; 3.96(3H,s) ; 


(0013)3 




4.02(3H,s) ; 5.88(lH,s) ; 






\ 10.25(lH,s). 

1 



Example 5 

Preparation of 1- /3 - (substituted pvridvl )7 but-l-en-3- 
ones 

5 The 1-^3- (substituted pyridyl)^7but-l-en-3-ones 

used in the preparation of the confounds of the inven- 
tion of formula I were prepared from the appropriate 
pyridine-3-:carboxaldehyde by one of the following 
methods : 

10 a) Pyridine- 3-carboxaldehyde (18.9 ml) and 1- 

triphenylphosphoranylidene-2-propanone (70 gl were 
heated at reflxix in toluene for 2 hr. The solvent 
was evaporated and the residue was distilled at 
reduced pressure to give l-(3-pyridyl)but-l-en-3- 

15 one as an oil, Pmr spectrum (CDCl^; 6 in ppm) : 

2.41 (3H,s); 6.79 (iH.d); 7.2-8.77 (4H,m); 7.52 
(lH,d) . 



b) A solution of 4 ,6-dimethyl-2-raethoxypyridine-3- 
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carboxaldehyde (5.00 30.3 inmol) in acetone 
(150 inl) was added dropwise to a cooled mixture 
of acetone (150 ml) and aqueous sodium hydroxide 
(2%, 9 ml). The mixture was stirred at O^c for. 
5 1-2 hours and then warmed to room ^temperature 

and stirred overnight. The acetone was evaporated 
under reduced pressure and additional water (100 
ml) was added followed by acidification to pH 8. 
The mixture was extracted with dichloromethane 

10 (3 X 50 ml} , which in turn was washed with water, 

dried over anhydrous sodium sulfate and evaporated 
under reduced pressure to give a crude oil. Heat- 
ing the oil to 50°c under high vacuum gave 1-^3- 
t4 , 6-dimethy 1-2-methoxypyridy l)^7but-l-en-3-one 

15 (6.20 g, 100%} as a pale yellow viscoiis oil. 

Proton magnetic resonance spectrum CCDCl^; 5 in 
ppm): 2.36 (3H,sl ; 2.38 t3H,s) ; 2.40 (3H,s) ; 3.99 
(3H,s); 6.62 tlH,s) ; 6.97 (lH,dl ; 7.70 Clfl^d) . 

Ifce specific method used for the preparation of 
20 each l-^3-'(s\ibstituted pyridyl)^7but-l-en-3-one is 
indicated in Example 7, Tablets. 

Example 6 

Preparation of 2-acyl-3-hydroxy-S' */5 -Csuhfftituted 
pyridy ll 7cyclohex-2-en-l-ones 

25 The 2-acyl-3-hydroxy-5-^3- (substituted pyridyU?- 

cyclohex-2~en-l-ones used in the preparation of the 
ccmpounds of the invention of formula I were prepared 
from the appropriate 1-^3- (svsbstitu ted pyridyl)^7- 
but-l-en-3-one either by Method al below which involves 

30 * isolation of the interraediate 3-hydroxi'-5-^3- 

(substituted pyridyiycyclcheX'r2-en-l-one , or by Method 
bl below. 
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Diethyl malonate . (5.04 g, 31.5 xomol) was 
added to a solution of sodium metal (0.73 g, 
31.5..mmol) in absolute ethanol (70 ml) and 
the mixture refluxed for 30 minutes* A 
mixture of l-/3-(4,6-dimethyl-2-methoxy- 
pyridyHybut-l-en-3-one (6.20 g, 30.0 mmol) 
and absolute ethanol (20 ml) was added and 
the mixture was heated under reflux for a 
period of 2 hours. An aqueous solution of 
sodium hydroxide (4.0 g, 30 ml of water) was 
added and the mixture was heated under reflux 
for a further 3.5 hours. The ethanol was 
removed by distillation and additional water 
(50 ml) as added. The aqueous mixture was 
washed with dic±.loromethane (2 x 100 ml), then 
heated to 70^c and acidified to pH 4 with con- 
centrated hydrochloric acid. After the 
evolution of carbon dioxide had ceased the 
mixture was cooled and the precipitate 
collected and dried to give 3 -hydroxy- 5 -^'3- 
(.4 , 6-dimethyl-2-roethoxypyridy l)^7cyclohex-2-en- 
1-one (5.50 g, 75%) as' a pale brown solid, 
mp 190°C. 

3-Hydroxy-5-^'3- (4 ,6-dimethyl-2-methcx5■- 
pyridyl)^7c^-clohex-2-en-l-one (1.00 g, 4.05 
mmcl) was dissolved in dry dircethylformamide 
C?0 ml). Sodium hydride C107 mg, 4.45 mmol) 
was added and the mixture stirred at 50^C for 
30 minutes. 

Butyric aniiydride (0.70 g, 4.45 nracl) was 
added and the mixture was heated at 13C^C 
under a nitrogen atmosphere. After 1 hour 
the mixture was. poured into water, the aqueous 
mixture was extracted with dichloroaechane 
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and the extract was washed with water, 
dried over anhydrous sodiun sulfate and 
evaporated under reduced pressure to give a 
crude product (1.00 g) . Purification by 
5 column chrraatography over silica gel (eluent 

dich lor ome thane) gave 2-butyryl-3«4iydro3V-5- 
^3- ( 4 f 6-diinethyl-2-methoxypyridy 11 7cy clohex* 
2-en-l-one (0.60 g, 47%) as an oil. 

b) l-C3-Pj-ridyl)but-l-€n-3-one (21.3 g) and sodiua 

10 diethyl malonate (1.1 eguiv) were heated at reflux 

in absolure ethanol (200 ml) for 3 hr. The solvent 
was evaporated and the residue was thoroughly dried 
(lOO^C; Q.l mmHg) . Anhydrous dimethylformamide 
(250 nl) was added to the solid residue and the 

15 mixture was heated at 60° under nitrogen for 20 

min* n-Butyric anhydride (27 ml) was added in one 
portion and the mixture was heated at 100° for 20 
min. The solvent was evaporated by distillation 
under reduced pressure. The residue was boiled with 

20 an aqueous potassium hydroxide solution (4 eguiv., 

100 mil for 6 hr. The hot solution was made jxxst 
acid by slow addition of a dilute hydrochloric 
acid solution. After cooling, the mixture was ex- 
tracted with ethyl acetate. The dried (MgSO^l 

25 organic extract was evaporated and the residue was 

chromatographed over silica with ethyl acetate 
elution to give 3-hydroxy-5-(3-pyridyll-2-butyryl- 
cyclohex-2-en-l-one as a white solid, mp 72°, 

All products were characterized by proton 
30 nuclear magnetic resonance spectroscopy. Physical data 
and spectroscopic data for the 3-thydroxy5-»^3- 
(substituted pyridyl)^7ci'clohex-2-en-l-ones prepared 
according to Method a] il above are recorded in Table 
6 below. Physical data and spectroscopic data for the 
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2-acyl-3-hydroxy-5-^3- (substituted pyridyl^7cyclohex- 
2-en-l-ones prepared according to Method a) ii) and 
Method b) above are recorded in Table 7 below. The 
specific Method used for the preparation of each 2- 
acyl-3-hydroxy-5-^3- (substituted pyridyl)^7cyclohex- 
2-en<!>l<*one is indicated in Example 7, Table 8, 

TABLE 6 
O 









Appearance 


Proton Chemical Shift 
i In ppm (DMSO-dg) 




Pale brown 
solid, mp 
179® 


Mot recorded 


2,4,6-{OCH3)3 




1.82-2.28 (2H,m) ; 2.62- 
3.19(2H,m); 3.47-4.04 
tlB.m) ; 3.82(3H,s) ; 
3.84(3H,s) ; 3.88(3H,s} ; 
5.27(lH,s); 6.09(lH,s); 
7.88'(lB,brs) . 


2-033-4,6- 


Brown solid, 


2i24(3H,s) ; 2.28(3H,s) ; 




mp 190° 


4.02{3H,s) ; 2.2-4.0(7H, 
m) ; 6.93(lfi,s) . 


2,4,6-(CH3}3 

1 


Oil • 


2.32{9H,s) ; 2.10-4.00 
: (7B,s); 6. 84 (IB, s). 

1 
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TABLE 6 continued 





Appearance 

• 


Proton Cheittical Shift 


2-Cl-4,5,6- 




1.97-4.22(5H,ia); 2.20 


(CH3)3 




(3H,s); 2.37(3H,s); 2.43 






(3H,s}; 5.38(lH,s); 






11.28(lB,brs) . 


2-OCH3-4,5,6- 




1.85-4.05(5H,iD) ; 2.05 


tCH3)3 




(3H,s); 2.20 (3H,s); 2.31 






(3H,s); 3.82(3H,s); 5.29 






tlH,s); 10.0(lE,brs). 

1 



TABLE 7 





r3 


J^pearance 


Proton Cheaical Shift 
6 is ppm (CDCI3} 


all B 

! 


B-C3H, 


White solid 
wp 72° 


1.00(3H,t); 1.69^(2H, 
m) ; 2.66-3.61(7H,m) ; 
7.22-8.56{4H,n); 18.33 
(lH,s) . 
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TABLE 7 continued 



(X) 



^pearance 



Proton Qiesdcal Shift 
6 in ppm (CDCl^) 



6-CH. 



2-C1-6- 



2-OCH3- 
6-CH- 



2.4,6- 
tOCH3l3 



n-C3H^ 



n-C3H^ 



n-CjH, 



' I 



White solid, 
inp 63°C 



Orange oil 



White soUd, 
mp 90° 



Yellow oil 



0.96(3H,t); 1.44-1.84 
(2H,in) 7 2.48(3H,s) ; 
2.64-2.92(4H,m) ; 3.00 
(2H,t); 3.16-3.40(1H, 
m) ; 7.08(lH,d) ; 7.36 
(lH,m); 8.32(lH,d); 
18.24(lH,s) . 

1.00 (3H,t); 1.48-1.80 
C2H,m) ; 2.48t3H,s) ; 
2.52-3.12C6H,ml ; 3.60- 
3.84(lH,m); 7.08tlH, 
dl; 7.44(IH,d); 18.24 
Clfi,s) . 

0.99(3H,t); 1.44-1.85 
C2H,in}; 2.42C3H,sl; 
2.57-3.20C6H,in) ; 3.31- 
3.77(lH,ni) ; 3.95(3H, 
si; 6.72 (lH,d); 7.26 
(.lB,dl; 18.29(lB,s}. 

0.97(3fl,t); 1.68(2H,in): 
2.19-2,68(2H,in) ; 2.85- 
4.1t5H,iD); 3.79C3H,s); 
3.87(3H,s); 3.88(3H,sl; 
5.89ClH,s); 18.22(lH, 
s). 

1.00(3E,t) ; 1.55-1.78 
t2H,iDl; 2.41C3H,slj 
2.44-2.73(2S,nl ; 3.04 
{2H,t); 3.21-3.9013H, 
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TABLE 7 continued 



«^>n 


r3 


Appearance 


Proton Chemical Shift 
6 in ppm (CDCI3) 








n); 7.17(lH,s); 18.37 








(lH,s) . 


2,6- 




. - 


1.03(3H,t) ; 1.72(2H,in) 


(OCH.) 






2.18-4.00(7H,m) ; 2.26 


4-CH2 






(3H,s) ; 3.89(3H,s) ; 








3.95(3H,s) ; 6.15(1H, 
s) ; 18.32(lH,s) . 


2,4-Cl2- 




Yellow oil 


1.01(3H,t) ; 1.51-1.91 
(2H,m); 2 . 37-2. 80 (5H, 








m) ; 3.'06(2H,t) ; 3.49- 
4.51(3E,]n); 7.19(lfi,s)i 
18.30{1B,8) . 






Oil 


1.0(3H,t); 1.69(2B,l&}; 


CF3-6-CH2 






2.61(3H,s); 2.4-4.0 








(7H.ml : 7. 41(18, s) : 
18.38(lH,s) . 


2-CXH3- 




Oil 


1.01(3H,s); 1.71(2H,m)j 








2.5(3H,s); 2.4-4. 0(7H, 








m) ; 4.01(3H,s) ; 7.00 








(lH,s) ; 18.33(lH,s) . 


4-Cl-2,6- 






1.00(3H,t) ; 1.63(2E,m); 


(€23)2 

fl 
1 






2.2-4.92(7H,in) ; 2.45 
(3H,s) ; 2.66(3B,s) ; 
7.00(lH,s) ; 18.35(13,. 


i 
i 


! 
1 




! S). 


1 

; 2,6-01,- 




Brown oil 


i 1.04(3H,t) ; 1.50-1.8.4 
\ (2H,in)j 2.38(3H,s); 






• 


• 2.39(3H,s) J 2.53-2.71 
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TABLE 7 continued 



(X), 



Appearance 



Proton Qiemical Shift 
6 in ppn (COCl^) 



2-Cl-4,6- 
(013)2 



n-CjB.^ 



2-OCH3- 
CCH3I2 



2-OC2H.. 



! 4,6- 



3' 2 



.2-SCH3- 
4,6- 
((23)2 



2-OCH3- iCjHg 
4,6- 
CCH3)2 



n-C 



3^ 



Oil 



Oil 



n-C3a^ I Oil 



(2H,m) ; 2 .88-3.17(2H, 
t) ; 3.20-4.03(3H,o) ; 
18.50(lH,s) . 

1.00C3H,t) ; 1.68(2K, 
q) ; 2.42{3H,s) ; 2.46 
(3H,s) ; 2.4-3,9(7H,in) ; 
7.0ClH,s),- 18.37(1H, 
S) . 

1.16{3H,t); 2.26(3H, 
s) ; 2.37(3H,s) ; 2.3- 
3.7(.7H,m) ; 3.93(3H,s) ; 
6.57{lH,s) ,• 18.27(1H, 
S) . 

1.00 (3H,t) ; 1.57(2H, 
m); 2.26t3H,s); 2.37 
(3H,s}; 2.1-2.6(2H,ns) ;| 
2.7-3.9(5H,m); 3.93 ] 
(3H,s) ; 6.S6(lH,s} ; 
18.31(1B,S) . 

1.01(3H,t); 1.37(3H, ' 
t); 1.73(2H,ffl); 2.25 '■ 
C3H,s) ; 2.3S(3B,s) ; 
2.3-3.9(7H,m) ; 4.40 ] 
(2H,q) ; 6.55(lH,s) ; 
18.34 (IB, s) . 

1.00 (3B,t); 1.48-1.82 
C2a,iD),- 2.10-3.92(16B, 
m) ; 6.66(lB,s} ; 18.28 

(lH,s) . 
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TABU? 7 continued 







Appearance 


Proton Chemical Shift 
6 in ppm (CDCI3) 




4,5-Cl2- 


n-C3H, 


Colourless 


1.00(3H,t) ; 1.68(2B, 




2,6- 




oil 


m) ; 2.59 (6H,s) ; 3.01 




<CH3>2 






{2H,t) ; 2.26-3.95(5H, 
m) ; i8.2o(JLH,Sj. 




2,5-Cl2- 




Yellow oil 


1.14C3H,t) ; 2.17-4.26 




4,6- 






(7H,m} ; 2.41(3H,s) ; 










2.52(3H,s) ; 18.26UB, 

8) . 




2,5-Cl2- 




Oil 


0.99(3H,t) ; 1.43-1.94 




4,6- 






C2B,m) ; 2.29-4.17C13H, 




<™3>2 






id} ; 18.40 ClH,s) . 




5-Br-2- 




Brown oil 


1.00C3B,t); 1.55-1.81 




Cl-4,6- 




(2E,n);-2.57(3H,s); 




ICH3I2 

1 
1 

i 


i 




2.63C3H,s); 2.74-4.20 
C7H,m) ; 18.35(lH,s) . 




1 2-oca,-5- 




Oil 


1.00C3H,t) ; 1.51-1.86 




1 Cl-4,6- 






(2H,in) ; 2.29-3.75(13E, 






1 




m) ; 3.91(3H,s) ; 18.32 
(1H,S) . 




2,4,6- 


1 

\ n-C^H, 


Oil 


1.00 (3H,t) ; 1.69l2B,jn)< 


» • 

1 

1 
i 


((=3)3 


i 

• 




2.36(3H,s) ; 2.44(3H,s) 
2.60(3H,s) ; 2;30-3.8 
C7H,i&) ; 6.82(lH,sl . 


2-Cl- 


n-C,H. 


Oil 


1.0(3B,t) ; 1.70C2H,a)? 


t 
1 
1 


4,5,6- 






2.03-2.71(2H,in) ; 2.22 


» 


(CE3I3 






C3H,s); 2.34C3H,s); 
2.49C3H,s) ; 2.89-4.0 
(5H,id} ; 18.34(lH,s) . 


{ 

t 
1 
1 

1 
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TABLE 7 continued 





r3 


Appear smce 


Proton Cheniical Shift 
fi in ppm (CDCI3) 


2-OCH2- 

4,5,6- 

(013)3 

i 




Oil 


1.0(3H,t); 1.71(2H, 
q); 2.00-2.14 (2H,ia) ; 
2.14(3H,s) ; 2.23(3H,s) 
2.4(3H,s); 2.92-4.0 
(5H,in) ; 3.92(3K,s) ; 
18.29 (lH,s). 



Example 7 

Preparation of the co mpounds of the invention of 
formula I 

The coiqwunds of the invention of formula I 
indicated in Table 8 were prepared from the appropriate 
2-acyl-3-hydro3e3r-5-^3- (substituted pyridy l}^7cyclohex- 
2-en-l-one and the appropriate hydroxylamine hydro- 
chloride derivative either by Method a) or Method b) 
below. 

l-^^-tSthoxyiminolbutyl7 -3-hydroxv-5- / 5- (pyridy l) 7- 
cyclohe3c-2-en-l-one (1) 

3-Hydroxy.5- ( 3-pyridy 1) -2-butyry lcyclohex-2-en-l- 
one (1.0 g) was sUrred with 0-ethylhydroxyl amine 
hydrochloride (1.1 equiv) and sodium acetate tri- 
hydrate (1.1 equivl in ethanol (30 mil at room 
temperature for 12 hr. The mixture was poured into 
a dilute acetic acid solution, which was subsequent- 
ly extracted with ether. The dried (MgSO^) organic 
extract was evaporated to give 2-^I-{ethoacyimino) - 
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butyl7-3-hydroxy-5-C3-pyridyl)cyclohex-2-en-l- 
one as an oil. 

b) 2-/ 1- (Ethoxyimino) butyl7"3-hydroxy>5- /5 -> (4 ,6- 

dimethyl-2-methoxypyridyl )_ 7cyclohex-2'^en-l-one (20) 

Ethoxyamine hydrochloride (0.21 g, 2.1 nmol) and 
then sodium hydroxide (84 ing, 2.1 nimol) in water 
(3 ml) were added to a solution of 2-butyryl*3- 
hydroxy-5-^3- ( 4 , e-diaethy l•2-methoxypyridyl)^7• 
cyclohex-2-en-l-one CO. 60 g, 1.9 nmol) in ethanol 
(30 ml) . The mixture was stirred at room tempera- 
ture over night and then the ethanol was re- 
moved by evaporation under reduced pressure. . The 
residue was dissolved in dichlorome thane, washed 
with dilute hydrochloric acid, then water, dried 
over anhydrous sodium sulfate and evaporated imder 
reduced pressure to give 2-^I-tethoxyimino)butyl7- 
3-hydro3^-5-^3- 14 , 6*dimethyl-2-methoxypyridy 1)^7- 
^clohex-2-en-l-one CO. 57 g, 83% I as a light brown 
solid, np 86-89®. 

The specific Method en^loyed for the preparation 
of each of the 1-^5- (substituted pyridyl)_7hut-l-en-3- 
ones of formula Via CExample 5) and the 3-hydroxy-5- 
^3- (substituted pyridyll7cycl6hex-2-en-l-ones of formula 
IX (Exainple 6) and/or 2-acyl-3-hydroxy-S-^3- (substituted 
pyridyll7cycXohexr2-en-JL-ones of formula XIII (Exan5)le 
6) used as intermediates in the preparation of the 
compounds of the invention of formula Z are listed in 
Table 8 below together with thB specific Method es^lpyed 
for the preparation of the ccespounds of the invention 
of formula I. 

Each of the compounds of the invention of formula 
I were characterized by proton nuclear magnetic resonance 
spectroscopy and physical data and spectroscopic data 
are recorded in Exanple 12, Table 9. 
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TABLE 8 





Hetfaod of Preparation of Con^iinds 
of Formulae: 


WWUl 








pound 
No 


Via 

Method 


IX and XIII 
Exa2i^xe o 
Method 


I 

Example 7 
Method 


1 






a 


2 




O 


D 


3 


a 


w 
O 


b 


6 


cx 


a 


b 


7 


a 


O 


o 


8 




a 


b 


9 


b 


CX 


a 


10 


b 


K 
O 


D 


11 


K 


K 


a 


12 




o 


O 


13 






w 
O 


14 


3 


V 

J3 




15 


b 




C& 


16 


a 






17 


b 


a 


u 
O 


18 


b 


a 


b 


20 


b 


a 


b 


21 


b 


a 


b 


22 


a 


b 


b 


23 


b 


b 


b 


24 


a 


a 


b 


! 25 


a 




b 


1 


b 


b 


b. 


.• 27 


b 


a 


b 


29 


b 


a 

• 


b 


30 


b 


a 


a 
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TABLE B continued 



Com- 


Method of Preparation of Confounds 
of Formulae: 


pound 
No 


Via 
Example 5 
Method 


IX and XIII 
Exan^le 6 
Method 


I 

Exanple 7 
Method 


32 


b 


a 


a 


33 


b 


a 


b 


34 


b 


a 


b 


35 


b 


a 


b 



Exagnple 8 

2* /I*^ (Ethoxyiminol bttty l7 ''3-hydroxy-5- C3"pyridy 1) cy clo--> 
hex^2^en--l^ne mettLiodlde C4l 

al 3-Hydroxy-5- C3-pyridyll •2-butyrylcy clohex-2-en-l- 
one iX St 3.9 nmoll was dissolved in metbyl iodide 
C20 ml) and the mixture was left to stand at roos 
temperature for 12 hours. The excess methyl 
iodide was evaporated to give .3-hydro3cy-5-C3- 
pyridyl) -2-butyrylcyclohex-2-en-l-one methiodide 
as yellow crystals, nop 162^. 

Proton nuclear magnetic resonance spectrum LS in 
ppm; CDCI3): 0.97 t3H,tl ; 1.66 t2H,m) ; 2.89-3.9 
(7H,m); 4.67 (3H,s); 8.13 ClB,s) ; 9.05 (la,m); 
9-56 (lH,s} ; 18.33 (1H,9) • 

b) 2-^1- (Ethoxyiiaino) butyl?- 3-hydro:^-5- C3-pyridy 1) - 
cyclohfix-2-en-l-one methiodide was prepared from 
3-hydroxy-5- t3-pyridyll -2-butyry Icy clohex-2-en-l- 
one methiodide following essentially the same 
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procedure as that described in Exanple 7, Method 
b) • The product was characterized by proton 
nuclear magnetic resonance spectroscopy and 
physical data and spectroscopic data are given in 
Example 12, Table 9« 

Example 9 

4-Ethoxycarbonyl-2 -/I - Ce thoxyimino) butyl 7 -3-hydroxy 5- 
(3-pyridyl) cyclohex-2-en-l-one (5) 

a) 2-Butyryl-4-ethoxy carbonyl-3-hydroxy -5- t3-pyridy 1) - 
cyclohex-2-en-l*one was isolated as a minor faster-* 
moving component on purification of 2-butyryl-3- 
hydroxy-5-(3-pyridyllcyclohex-2-en-l-one (Exanple 
6, Method b) by column chromatography. The product 
was obtained as a yellow oil and was characterized 
by proton nuclear magnetic resonance spectroscopy. 
Pmr spectrum 06 in ppm; CDCI31 : 0,93-1.17 t6H,ml ; 
1.72 C2H,m).; 2.86-3.86 C6H,ml ; 4.06 C2H,ml ; 7.3- 
8.8 C4H,ml; OH not observed. 

bl 4-Ethoxycarbonyl-2-^I- (ethoxyimino) buty 17-.3- 

hydroxy-5-C3-pyridyll cyclohex*2-en-l-one was pre- 
pared from 2-bu'^ryl-4-ethoxycarbonyl-3-hydroxy-5- 
t3-pyridyll cyclohex-2-en-I-one following essen- 
tially the same procedxire as that described in 
Exanple 1, Method b) . The product was characterized 
by proton nuclear magnetic resonance spectroscopy 
and physical data and spectroscopic data are given 
in Exanple 12, Table 9. 



0104876 

- 64 - 

Example 10 

Sodium salt of 2Vl-(etfaoxyiniino) propy l /* 3-hydroxyS^ 
/l -" ( 4 , 6-dimethyl-2''methoxypyridy 1) 7cyclohex-2-ten-l- 
one (19) and sodi\3m salt of 2^ 1 - (ethoxyimino) butyl ?* 
3-hydroxy-5* /3 -*(5-chloro*4 ^6*dimetfayl-2"methoxy* 
pyridy l) 7 cycloheX"2-en-l*one (28) 

a) 2-^1- (Ethoxyimino) propyl?- 3-hy droxy-5-^3- (4,6* 
dimethyl-2*methoxypyridyl)_7cyclohex*2*en-l-one 
Cl.O g, 2.89 xomol) and sodium hydroxide (116 mg, 
2.89 nmol) were stirred in acetone (50 ml) at 
room temperature for 2 hours. The solvent was 
evaporated and the residue was suspended in 
toluene (50 ml) • Evaporation of the solvent gave 
the sodium salt of 2-^1- (ethoxyimino) propyl7-3- 
hydroay*5*^5- (4 ,6-dimethyl-2-methoxypyridyl)^7- 
cyclohex-2-en-l*one , >250^ (dec*) • 

b) The sodium salt of 2-^1- (ethoxyimino) butyl7-3- 
hydroxy*5*^3- (5*chloro-4 ,6-dimethyl-2*methoxy* 
pyridyl)^?cyclohex-2-en-l*one was prepared from 2- 
^I- Cethoxyimino) butyl?* 3*hydroxy-5-^5- (5-chloro- 

4 , 6-dimethyl-2-methoxypyridyl)^7cyclohex*2-en-l-one 
following essentially the same procedure as that 
described above. The product was obtained as a 
pale yellow solid, mp >250^C. 

Example 11 

2-^/1 - (Ethoxylminol huty l7*S*/5 -L2-chlorO"4 , 5 , 6-> 
trimethylpyridyl )^? "'3* C3*nethylbutanoyl) cyclohex*2-en- 
l*one (311 

3*Methylbutanoyl chloride CO. 17 gl and 4-methyl* 
pyridine t0.14 g) were added dropwise to a solution of 
2*/I* (ethoxyimino) buty l7-5-^3- C2-chloro-^4 , 5 , 6- trimethy 1- 
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pyridyl)^7cyclohex-2-en-l-one CO. 5 gl in dichloro- 
methane (40 ml) and the mixture was stirred at room 
tesperature for 1 hour. The solvent was evaporated and 
the residue was purified by column chromatography over 
5 silica gel with dichloromethane/methanol elution to 
give 2-^1- le thoxyirainol bu^l7-5-^3- ( 2-chloro-4 ,5,6- 
triioB thy Ipyridy 1)^7-3- C3-ffiethylbutan<vl) cyclohex-2-en- 
1-one to. 5 g, 83%l . The product was characterized by 
proton nuclear magnetic resonsmce spectroscopy and 
10 appropriate physical data are recorded in Example 12 
Table 9) . 

Example. 12 

The con5)6unds of the invention of formula I were 
characterized by and may be identified by their proton 
15 nuclear magnetic resonance spectra. Por convenience 
physical data and pmx spectroscopic data for the com- 
pounds of the invention of fozmula I are recorded in 
Table 9 below* 



TABLE 9 



Com- 
pound 
Mo 


Appearance 


Proton Oieaical Shift 
6 in ppm (CDCI3) 


1 


Oil 


0.99(3B,t); 1.33(3B,t); 1.59(2E, 






D); 2.71-3.6(7H,m) ; 4.12(2H,q); 






7. 3-8.54 (4B ,]n) ; l0.6(lB,s) . 


2 


Oil 


0.98(3B,t); 1.59(2H,]n); 2.68- 






3.6(7H,m); 4.55(2E,d); 5.27-8.6 






( 7B ,]b) . 
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TABLE 9 continued 



Com- 
pound 
No 



i^pearance 



Proton Chemical Shift 
6 in ppm (CDCl^) 



Brown oil 



Yellow 
solid, Bp 
143® tdec) 



Yellow oil 



0.98(3H,t)? 1.26-1.72(2H,n) ; 
2.58-3.10 t4H,m) ; 3.32-3.85(3H, 
mJ ; 4.65(2H,dofd) ; 5.74-6.42 
(2H,m)j 7.34-8.32(4H,m) ; 10.85 
(IBfbrs) . 

0.95l3H,s); 1.32C3H,s) ; 1.55{2H, 
ml; 2.81-3.8C7H,m} ; 4.1(2H,g); 
4.65(3H,sl} 8.16(l£,o); 8.51 
(ia,mly 9.12tlH,nl; 9.46ClH,s). 

0.92-1.14 t6H,m) ; 1.34C3H,tl ; 
1.6(2H,in)j 2.74-3. 76 t6H, m) ; 
3 . 95-4 . 24 t4H ,m) ; 7.3-8.6 14H ,m\ ; 
OS not observed. 



White solid, 
BP 78° 



0.99(3B,t} 
1.68(2B,m) 
3.04 (6H,m) 
I 4.11(2B,q) 



1.33{3H,t); 1.41- 
2.55(3H,sl ; 2.64- 
3.12-3.44{lH,in) ; 
7.12(lH,d); 7.46 



MlH.m); 8.4(lH,d); 15.24(lH,brs) 

HhJLte soUe,- 0.99C3E,tl; 1.33C3H,tl ; 1.47- 
inp 82° ;2.43C2H,mlj 2.51t3H,sl ; 2.64- 

i3.05t6H,ml; 3. 13-3. 75 UH, ml j 
•4.12t2H,ql; 7.10 tlE,dl ; 7.48 
: ClE,d) ; 15.29 (iHfbrsl. 

White solid, 0.97C3H,tl ; 1.31C3H,tl ; 1.57 



stp 86 



t2B,Bl; 2.41L3H,s)j 2.4-3.9 
tSE.ffil; 3.94(3H,sl; 4.1(2H,qlj 
6.67C2H,dl; 7.25(2H,dl j 15.08 
ClH,s) . 
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TABLE 9 continued 



Com- 
pound 
Mo 



Appearance 



Proton Chemical Shift 
6 in ppm (CDCl^) 



10 



11 



12 



13 



14 



White 
solid, mp 
76-78° 



White 
solid. Tap 
118° 



Not recorded 



Yellow oil 



Oil 



Oil 



0.98(3H,t); 1.33(3H,t); 1.59 
t2H,m); 3.78(3H,s); 3.88(3H,s); 
3.90(3H,s); 2.13-4.38 (9H,in) ; 
5.88ClH,s); 14.58(lH,brs) . 

0.97(3H,t); 1.33(3H,t); 1.43- 
1.78(2H,in); 2.41(3H,s) ; 2.52 
C2H,brs); 2.94(2H,t)7 3.15- 
3.93t3H,m); 4.12(2H,q); 7.12 
(lH,sl; 15.36(lH,s). 

1.00(3H,t); 1.2-4.28(15H,m) ; 
2.26(3H,sl; 3.88(3H,s); 3.97 
C3H,s) ; 6.17(lH,s) . 

1.01{3H,t); 1.34(3H,t); 1.43- 
1.89(2H,m); 2 . 37-2 ,63 ( 5H,in) ; 
2.96(2H,t); 3.51(2H,t) ; 4.02- 
4.49(3H,m); 7.18(lH,s) ; 14.5- 
15.0(lH,brs) . 

1.00(3H,t); 1.35(3H,t); 1,59 
(2H,m); 2.4-4.0(7H,m) ; 2.61(3H, 
s) ; 4.15(2H,q) ; 7,42(lH,s) ; 
14.89(1B,S). 

1.00(3H,t); 1.32(3H,t); 1.62(2H 
b) ; 2.48(3H,s); 2 .40-4 .00 ( 7H, 
e); 3.99(3H,s); 4.11{2H,q) ; 6.9£ 
tlfl,s) ; 15.14(lfl,s) . 
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TABLE 9 continued 



Com- 
pound 
no 


Appear ence 


Proton Chemical Shift 
6 in ppm (CDCl^) 




15 


Oil 


1.00(3H,t); 1.33(3H,t); 1.46- 








1.73(2H,ID); 2.27-4.90(9H,in) ; 








2.45t3H,s)? 2.67(3H,s); 7.01 








{1H,SJ ; 15.32{lH,brs) . 




16 


Yellow- 


1.00C3H,tl; l,34(3H,t); 1.43- 






brown oil 


1.81C2H,ml; 2.38C3H,sl; 2.39 








C3H,sl; 2.57(2H,iDl; 2.70-3.04 








C2H,tl; 3.16-3.90 (3H,in) ; 4.13' 








C2H,ql ; 14.69 (lH,sl. 




17 


Oil 


1.0QC3H,tl; 1.33C3H,tl; 1.56 








t2H,inl; 2.40C3H,sl; 2.45C3H,s); 








2,40-3.95 C5H,inl; 4.13C2E,q) ; 








6.94ClE,sW 14.36(.lH,sl. 




18 


White 


1.20C3H,U; 1.33C3H,tl; 2.26 






soUd 


C3H,sl; 2.36C3H,sl; 2.30-3.90 








t5H,inl; 2.95C2H,ql; 3.92C3H,8)j 


1 






4.12(2H,qlj 6.55tlH,sl,- 14.77 


1 


1 




UH.sl. 


1 20 


Light brown 


1.0C3H,tl; 1.32(3H,t); 1.61 


j 




solid, XDp 


C2H,ql; 2.26L3H,s); 2.36(3E,sl; 






86-89° 


2.2-2.6 UH.ml; 2 , 7-3 . 8 (J5H ,ni) ; 








3.92C3H,sl? 4.11C2H,ql; 6.55 








ClE^sl; 15.2(iS,sl. 




21 


Not recorded .1.00 C3H,tl; 1.23-1.46 C6H,23Ct) ; 1 


i 

i 




|1.64C2H,idL; 2.24C3a,s}; 2.34(3H, j 


1 




!sl; 2.3-3.9C7H,ml; 4.11C2H,ql; j 


• 
1 




14,39 l2H,ql; 6.53CJB,sl; 15.07 j 


L 
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TABLE 9 continued 



Cot- 
pound 
No 


i^pearance 


Proton Chemical Shift 
6 in ppm (CDCI3) 


22 


Oil 


1.00(3B,t); 1.32(3H,t); 1.45- 
1.70C2H,m); 2 .10-4 .23(9H,in) ; 
2.31t3H,sl; 2.42t3H,s); 2.57 
C3H,S); 6.66(lH,s); IS.lKlfl, 
brs) . 


23 


Colourless 
oil 


1.00(3H,t); 1.34(3H,t); 1.61 
(2H,m); 2.61(6B,s); 2.92(2B,jn) ; 
2.26-3.95(5E,m) ; 4.13(2H,q); 
15.17(lH,brs) . 


24 


Pale 
yellow 
solid, cp 
123-24** 


1.13-1.42 (6H,m) ; 2.41-4.26(9H, 
m); 2.41(3B,s); 2.52(3E,s) ; 
15.0-15.5{lH,brs) . 


25 


Yellow 
solid 


1.00C3H,t); 1.33t3H,t); 1.42- 
1.70C2fi,m); 2.30-4.24(9H,id) ; 
2.50C3H,s); 2.58(3H,s); 15.31 
tlH,s) . 


26 


Creaia 
solid, op 
98° 


1.00C3H,t); 1.34(3H,t); 1.45- 
1.74(2H,ni)? 2.32-3.02C2H,in) ; 
2.56C3H,sl; 2.64(3H,s); 3.32- 
3.84C5H,]&1; 4.13(2H,q) ; 15.22 
C1H,S) . 


27 

1 

1 • 

; 
1 

1 
1 

» — 


Oil 

t 


1.00UH,tl; 1.33(3H,tr; 1.48- 
1.68L2H,]n}; 2.20-4.15C9H,ia} ; 
2.38C3H,s); 2.49C3H,s); 3.92 
C3H,s) ; 15.13ClH,brs) . 
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TABLE 9 continued 



Com- 
pound 
No 


J^pearance 


Proton Chemical Shift 
S in ppm (CDCI3) 


29 


Oil 


1.00 (3H,t); 1.33(3H,t); 1.61 
(2H,in); 2.37 (3H,s); 2.44 (3H,s); 
2.60C3H,s); 4.09 (2H,q); 2.12- 
4.30(7H,in); 6.80 (lH,s); 12.70 
ClB,brs) . 


30 


White 
solid, op 
77° 


1.00 {3H,t); 1.33(3H,t); 1.60C2H, 
n); 2.21(3B,s); 2.33(3R,s); - 
2.47t3H,sl; 2 . 41-3 .96 (7H,ia) 
4.13(2H,q); 15.06 tlH,brs] . 


31 


Pale yellow 
oil 


0.74-1.06(9H,in) ; 1. 08-1.71 C6H, 
m); 2.Q0-2.71t6H,in) ; 2.22 C3H, 
si; 2.36C3H,s} ; .2.5Q(3H,s}; 
3.26-4.34C5B,m) . 


32 


Wiite 
solid, rap 
94° 

1 
1 
1 

1 

t 

i 
1 


1.00t3H,t)? 1.33t3H,t); 1.60 
(2H,in); 2.13(3H,sl; 2.22C3H,s); 
2.40(3H,s)? 3.90(3H,s); 2.41- 
3.96(7H,m); 4.11(2H,g); 14.95 
(lfl,brs) . 


33- 


Cream low- 
melting 
solid 


1.00(3H,t); 1.38-1.8l(2E,in) ; 
2.16(3H,s); 2.24(3H,s); 2.41 
(3H,s); 2.58(lH,m)y 2.87(2H,tl; 
3.15-3.79 (5H,in) ; 3.90 (3H, si; 
4.64aH,s); 4.66(lH,s); 13.93 
(iB.sK 

! 

1 
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TABI£ 9 continued 



Com-^ 
pound 
No 


T^pearance 


Proton Chemical Shift 
0 in ppm (CDCl^) 


34 


Colourless 


0.99 (3H,t); 1 .43-1.84 (2H,m) ; 




oil 


2.14t3H,s)j 2.22(3H,s); 2.41 
(.3H,s}; 2.90(2H,t); 3.10-3.70 
(5H,ni); 3.90(3H,s); 4.02-4.25 
(lH,m); 4.30-4.53t2H,in) ; 4.81- 
4.99(lH,in); l4.09(lH,sl. 


35 


Pale 


l.Q0C3H,t); 1.43^1.72(2H,inl ; 




yellow oil 


2.l4(3H,s); 2.21(3H,s)7 2.40 
C3H,sl; 2.87(2H,t); 3.16-3.73 
C5H,in); 3.90(3H,s); 4.71t2H, 
dofd); 5. 85-6.49 C2H,ID) ; 14.27 
ClH,sl. 



Exastole 13 



This non-limiting Example illustrates the pre- 
paration of formulations of the compounds of the in- 
vention. 

a) Effiulsifiable Concentrate 

Coicpound No 25 was dissolved in toluene containing 
7% v/v ■Teric" Nl3 and 3% v/v "Kennnat" SC15B to 
give an emulsifiable concentrate which may be di-- 
luted with water to the required concentration to 
give an aqueous emulsion which may be applied by 
spraying. 
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("Teric" is a Trade Mark and "Teric" Nl3, is a 
product of ethoxylation of nonylphenol; "Kemmat" 
is a Trade Mark and "Kexnmat" SC15B is a formulation 
Of calcium dodecylbenzenesulfonate.) 

Aqueous Suspension 

Compound No 25 (5 parts by weight) and "Dyapol" PT 
CI part by weight! were added to an aqueous solution 
(94 parts by weight) of 'Teric" N8 and the mixture 
was ball milled to produce a stable aqueous sus- 
pension which may be diluted with water to the re- 
quired concentration to give an aqueous suspension 
which may be applied by spraying. t"Dyapol" is a 
Trade Mark and "Dyapol- FT is an anionic suspending 
agent; 'Teric' N8 is a product of ethoxylation of 
nonylphenol,) 

Enulsifiable Concentrate 

Compound No 25 (IQ parts by weight!, "Teric" N13 
C5 parts by weightl and "Kemmat" SC15B C5 parts by 
weight) were dissolved in "Solvesso" 150 (80 parts 
by weight) to give an emulsifiable concentrate 
which may be diluted with water to the required con- 
centration to give an aqueous emulsion which may be 
applied by spraying, C'Solvesso" is a Trade Mark 
and -Solvesso* 150 is a high boiling point aromatic 
petroleum fraction.) 

Dispersible Powder 

Compound No 25 CIO parts by weight! / "Matexil" DA/AC 
(3 parts by weigh tl, "Aerosol" OT/B U part by 
weight) and china clay 298 C86 parts by weight) 
were blended and then milled to give a powder com- 
position having a particle size below 50 microns. 
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("Matexil" is a Trade Mark and "Matexil" DA/AC is 
the disodium salt of a naphthalenesulfonic acid/ 
fonoaldehyde condensate; "Aerosol" is a Trade Mark 
and "Aerosol" OT/B is a formulation of the dioctyl 
ester of sodium sulfosuccinic acid.) 

e) High Strength Concentrate 

Compound No 25 (99 parts by weight) , silica aerogel 
(0.5 parts by weightl and synthetic amorphous 
silica (Q.5 parts by weight) were blended and 
ground in a hammer-mill to produce a powder having 
a particle size less than 200 microns. 

f ) Dusting Powder 

Compound No 25 CIQ parts by weightl , attapulgite 
(10 parts by weightl and pyrophyllite C80 parts by 
weightl were thoroughly blended and then ground in 
a hammer-mill to produce a powder of particle size 
less than 200 microns* 

Emulsifiable concentrates and/or suspensions of 
the compounds of the invention were prepared essentially 
as described in part al , bl or cl above and then 
diluted with water, optionally containing surface active 
agent and/or oil, to give aqueous compositions of the 
required concentration which were used, as described 
in Exanples 14 and 15, in the evaluation of the pre- 
emergence and post-emergence herbicidal activity of the 
compounds , 
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Example 14 

The pre-emergent berbicidal activity of the 
. cosxpounds of the invention fozxaulated as described in 
Exaziple 13 was assessed by the following procedure: 
5 The seeds of the test species were sown in 

rows 2 cm deep in soil contained in seed boxes. The 
monocotyledonous plants and dicotyledonous plants were 
sown in separate boxes and after sowing the two boxes 
were sprayed with the required quantity of a composition 

10 of the invention. Two duplicate seed boxes were pre- 
pared in the same manner but were not sprayed with a 
composition of the invention and were used for com- 
parison purposes. All the boxes were placed in a glass- 
house, lightly watered with an overhead spray to 

15 initiate germination and then sub-irrigated as required 
for optimum plant growth. After three weeks the boxes 
were removed from the glass house and the effect of the 
treatment was visually eissessed. The results are pre- 
sented in Table 10 where the damage to plants is rated 

20 on a scale of from 0 to 5 ^ere 0 represents from 0 to 
10% damage, 1 represents from 11 to 30% damage, 2 
represents from 31 to 60% damage, 3 represents from 61 
to 80% damage, 4 represents from 81 to 99% damage and 5 
represents 100% kill. A dash (**) means that no experi- 

25 ment was carried out. 

The names of the test plants are as follows: 





Wheat 


ot 


Wild Oats 


Rg 


Ryegrass 


Jm 


Japanese siillet 


P 


Peas 


IP 


Ip^ea 


Ks 


Mustard 


Sf 


Sunflower 
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TABLE 10 



PRE-EMERGENCE HERBICIDAL ACTIVITY 



CdDpounci 






TEST 


PLANT 








No 


Rate (kg/ha) 


wh 


Ot 


Rg 


Jm 


P 


IP 


Ms 


Si 


1 


1.0 


1 


0 


3 


1 


0 


0 


0 


0 


2 


1.0 


4 


4 


4 


4 


0 


0 


0 


0 


4 


1.0 


0 


0 


0 


V 


Q 
w 


0 


0 


0 


5 


1.0 


0 


0 


0 


0 


0 


0 


0 


0 


6 


1.0 


0 


0 


5 


4 


0 


0 


0 


0 


7 


1.0 


0 


0 


1 


3 


0 


0 


0 


0 


8 


1.0 


0 


0 


5 


5 


0 


0 


0 


0 


9 


1.0 


0 


Q 


■4 




0 


0 


0 


0 


10 


0.25 


0 


1 


4 


3 


0 


0 


0 


0 


11 


1.0 


0 


0 


0 


5 


0 


0 


0 


0 


12 


0.9 


4 


5 


5 


5 


0 


0 


0 


0 


12 


0.25 


2 


2 


5 


5 


0 


0 


0 


0 


13 


0.25 


0 


3 


5 


5 


0 


0 


0 


0 


15 


1 n 


u 


4 


5 


5 


0 


u 


u 


A 

u 


16 


1.0 


0 


3 


5 


5 


0 


0 


0 


0 


17 


1.0 


5 


5 


5 


5 


0 


0 


0 


0 


17 


0.25 


3 


4 


5 


5 


0 


0 


0 


0 


18 


1.0 


0 


3 


4 


0 


0 


0 


0 


0 


19 


1.0 


0 


4 


4 


0 


0 


0 


0 


0 


. 20 


0.25 


1 

i 


5 


5 


5 


0 


0 


0 


0 


20 


0.0625 


i 0 


1 3 


5 


5 


0 


0 


0 


0 


21 


1.0 


1 

0 

1 


i 

i ' 


4 


5 


1 ° 


0 


0 


0 




0.25 


: 0 

1 


i ' 


3 


5 


j 


i 0 


0 


! 0 


! 22 


1.0 


t 5 


1 5 


\ 4 


5 


• 0 


1 0 


0 


i 0 


1 22 


; 0.25 

1 


: 3 


i 

; 4 

t 


: 5 


5 


: 0 


1 

: 0 

i 


0 

! 


0 
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TABLE 10 continued 



No 


APPLICATION 




TEST 


PLANT 








Rate (k9/ha) 


wn 


Ot 


Rg 


Jm 


P 


Tn 


Me 




23 


1.0 


0 


5 


5 


5 


0 


0 


0 


0 


23 


0.25 


0 


3 


4 


4 


0 


0 


0 


0 


24 


1.0 


5 


5 


5 


5 


0 


0 


0 


0 


24 


0.25 


0 


1 


5 


5 


0 


0 


0 


0 




1 0 


0 


0 


5 


3 


0 


0 


0 


0 


28 


1.0 


0 


4 


2 


3 


0 


0 


0 


0 


30 


1.0 


4 




4 


5 


0 


0 


0 


0 


30 

• 


0.25 


1 




5 


5 


0 


0 


0 


0 


31 


1.0 


0 


5 


5 


5 


0 


0 


0 


0 


31 


0.25 


0 


2 


4 


4 


0 


0 


0 


0 


32 


1.0 


4 


4 


5 


5 


0 


0 


0 


0 


32 


0.25 


3 

1 


4 


5 


1 ' 


0 


0 


0 


0 



Example 15 

The post-emergent herbicidal activity of the 
compounds of the invention formulated as described in 
5 Example 13 was assessed by the following procedure, 
"The seeds of the test species were sown in 
rows 2 cm deep in soil contained in seed boxes. The 
monocotyledonoTos plants and the dicotyledonous plants 
were sown in separate seed boxes' in duplicate. The 
10 four seed boxes were placed in a glass bouse , lightly 
watered with an overhead spray to initiate germination 
and then sub-irrigated as required for optimxmi plant 
growth. After the plants had grown to a height of 
about 10 to 12,5 cm one box of each of the mono- 
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cotyledonous plants and the dicotyledonous plants was 
removed from the glass house and sprayed with the re- 
quired quantity of a composition of the invention. 
After spraying the boxes were returned to the glass 
house for a further 3 weeks and the effect of treat- 
ment was visually assessed by comparison with the un-* 
treated controls. The results are presented in Table 
11 where the damage to plants is rated on a scale of 
from 0 to 5 where 0 represents from 0 to 10% damage, 
1 represents from 11 to 30% damage, 2 represents from 
31 to 60% damage, 3 represents from 61 to 80% damage, 
4 represents from 81 to 99% damage and 5 represents 
100% kill. A dash (-) means that no experiment was 
carried out. 

The names of the test plants are as follows: 



Wh 


Wheat 


Ot 


Wild Oats 


Rg 


Ryegrass 


Jm 


Japanese millet 


P 


Peas 


IP 


Ipomea 


Ms 


'Mustard 


S£ 


Sunflo\«er 
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TABLE 11 



POST-EMERGENCE HERBICIDAL ACTIVITY 



Coin** 
povmd 
Mo 


APPLICATION 




TEST 


PLAMT 








Rate (kg/ba) 


VTh 


Ot 


Rg 


Jin 


P 


Ip 


Ms 


Sf 


1 


1.0 


5 


5 


5 


5 


0 


n 

u 


ft 

u 


A 

u 




w . ^ ^ 


1 


A 
H 




«^ 


0 

w 


0 


0 


0 


2 


1.0 


5 


5 


5 


5 


0 




r\ 
U 


n 
u 


i 2 
i 


0 25 


3 


5 


3 




0 


0 


0 


0 


4 


1.0 


0 


0 


0 


0 


0 


0 


0 


0 


5 


1.0 


0 


0 


0 


0 


0 


0 


0 


0 


! 6 


1.0 


3 


4 


5 


5 


0 


0 


0 


0 


1 

6 


0.25 


2 


4 


5 


5 


0 


0 


0 


0 


i 7 


1.0 


0 


5 


5 


5 


0 


0 


0 


0 


1 

I 7 


0.25 


0 


0 


4 


5 


0 


0 


b 


0 


• 8 


1 1.0 




0 


4 


5 


0 


0 


0 


0 


' 8 


1 0.25 


t 


0 


3 


4 


0 


0 


0 


0 


9 • 


I 1.0 


i 0 


5 


5 


5 


0 


• 0 


0 


0 


9 


' 0.25 


i 0 


4 


4 


4 


0 


0 


0 


0 


9 


0.0625 


: 0 


3 


2 


3 


0 


0 


0 


0 


10 


0.25 


t 

! 3 

1 


3 


5 


5 


0 


0 


0 


0 


10 


0.0625 


1 ° 


2 


4 


3 


0 


0 


0 


0 


11 


1.0 


i 0 


5 


5 


5 


0 


0 


0 


0 


. 11 


0.25 


; ° 

. 0 


4 


3 


5 


0 


0 


0 


0 


11 


0.0625 


0 


2 


5 


0 i 0 


0 


0 


12 


0.9 


5 


5 


; 5 


5 


0 


1 0 


0 


' I ■ 


12 


0.25 


• 5 


5 


! 5 


1 5 


0 


0 


0 


i 0 


12 

1 


0.0625 


; 1 


5 


1 ' 


i 5 

1 


0 


0 


0 


1 0 

1 
1 

t 
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TABLE 11 continued 



Com- 
pound 


• 

APPT.TrATTON 

Rate (kg/ha) 




TEST 


PLANT 








Wh 


Ot 


Rg 


Jm 


P 


Ip 


Ms 


Sf 


1 'J 




•a 


5 


5 


5 


0 


A 

u 


A 

u 


A 
U 


1 

X J 






A 


A 


C 


u 


A 
U 


A 

u 


A 


15 


1.0 


5 


5 


4 


5 


0 


0 


0 


0 


15 


0 25 


2 


5 


4 


5 


0 


0 


n 

w 


A 
w 


15 


0.0625 


1 




D 




U 


0 


0 


0 




X • u 


A 
H 


5 


5 


5 


0 


A 

u 


A 


A 
U 


16 


0.25 


2 


4 


4 


5 


0 


0 


0 


A 

V 


16 


0. 0625 


0 


A 
H 




A 


n 
U 


0 


0 


A 

V 


X / 


1 n 
X« U 




5 


5 


5 


0 


A 

u 


A 

u 


A 
0 


17 


0 25 


1 


5 


5 


5 


0 


0 


0 


A 
w 


17 


0.0625 


0 


c 
3 


A 
H 


e 


u 


0 


0 


0 


18 


1.0 


5 


5 


5 


5 


0 


0 


0 


0 


18 


0 25 




5 


5 


5 


0 


A 
V 


A 
w 


A 


18 


0.0625 


1 


c: 

w 


c 


^ 


n 


0 

V 


0 


A 

w 




X, 0 


5 


5 


5 


5 


0 


0 


0 


0 


19 


0.25 


2 


5 


4 


5 


0 


0 


0 


0 


i 19 


0.0625 


0 


2 


2 


4 


0 


0 


0 


0 




1.0 


5 


5 


5 


5 


0 


0 


0 


0 


20 


0.25 


5 


5 


5 


5 


0 


0 


0 


0 


20 


• 0.0625 


1 


5 


5 


5 


1 

0 


0 


0 


0 


21 


1.0 


5 


5 


5 


5 


0 


0 


0 


0 


21 


0.25 


1 


5 


4 


5 


: 0 

i 


0 


0 


0 


t 

i 


0.0625 


0 


5 


4 


5 


0 


0 


0 


: 0 


. 22 


i 1.0 


1 5 


5 


! ^ 


5 


0 


0 


0 


• 0 


22 


j 0.25 


i 4 


5 


i 5 


5 


0 


0 


i » 


1 

. 0 


22 


1 0.0625 


! 2 

! 


5 


1 s 

j 


4 


0 


0 


i o 

i 


: « 1 

i 
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TABLE 11 continued 



Com- 
pound 
No 


APPLICATION 
Rate (kg/ha) 


TEST PLA 


NT 






1 

t 

1 

1 

! 


Wh 


Ot 




Jm 


P 




Ms 


1 

Sf 1 

1 


23 


1.0 


s! 


5 


5 


5 


0 


0 


0 


0 1 


23 


0.25 


1 


5 


5 


5 


0 


0 


0 


0 


23 


0.0625 


0 


5 


5 


5 


0 


0 


0 


0 ! 


24 


1.0 


5 


5 


5 


5 


0 


0 


0 


0 


24 


0.25 


4 


5 


5 


5 


0 


0 


0 


0 


24 


0.0625 


0 


4 


5 


5 


0 


0 


0 


0 


25 


1.0 


2 


5 


5 


5 


0 


0 


0 


0- 


25 


0.25 


1 


5 


5 


5 


0 


0 


0 


0 


25 


0.0625 


0 


5 


5 


5 


0 


0 


0 


0 


27 


1.0 


5 


5 


5 


5 


0 


0 


0 


0 


27 


0.25 


1 


5 


5 


5 


0 


0 


0 


0 


27 


0.0625 


0 


5 


4 


3 


0 


0 


0 


0 


30 


1.0 


5 


5 


5 


5 


0 


0 


0 


0 


30 


0.25 


0 


5 


5 


5 


0 


0 


0 


0 


30 


0.0625 


0 


5 


5 


5 


0 


0 


0 


0 


31 


1.0 


4 


5 


5 


5 


0 


0 


0 


0 


31 


0.25 


0 


5 


4 


5 


0 


0 


0 


0 


31 


0.0625 


0 


5 


4 


5 


0 


0 


0 


0 


32 


1.0 


5 


5 


5 


5 


0 


0 


0 


0 


32 


0.25 


5 


5 


5 


5 


0 


0 


0 


0 


32 


0.0625 


4 


5 


5 


5 


0 


0 


0 


0 
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Example 

The compounds were fozmulated for test by 
mixing an appropriate amount with 5 ml of an emulsion 
prepared by diluting 160 ml of a solution containing 
21.9 g per litre of "Span'"' 80 and 78.2 g per litre of 
"Tween" 20 in methylcyclohexanone to 500 ml with water, 
••Span" 80 is a Trade Mark for a surface-active agent 
canprising sorbitan monoiaurate. "Tween" 20 is a Trade 
mark for a surface-active agent comprising a condensate 
of sorbitan monoiaurate with 20 molar proportions of 
ethylene oxide • Each 5 ml emulsion containing a test 
compound was then diluted to 40 ml with water and 
sprayed on to young pot plants (post-emergence test) 
of the species named in Table 12 below. Damage to test 
plants was assessed after 14 days on a scale of 0 to 
5 where 0 is 0 to 20% damage and 5 is complete kill 
In a test for pre-emergence herbicidal activity, seeds 
of the test plants were sown in a shallow slit formed 
in the surface of soil in fibre trays. The surface was 
then levelled and sprayed, and fresh soil then spread 
thinly over the sprayed surface. Assessment of herbi- 
cidal damage was carried out after 21 days using the 
same scale of 0 to 5 as the post-emergence test. In 
both cases the degree of herbicidal damage was assessed 
by comparison with iintreated control plants. The re- 
sults are given in Table 12 below. A dash (-) means 
that no experiment was carried out. 

The names of the test plants were as follows: 



Sb Sugair beet 

Rp Rape 

Ct Cotton 

Sy Soy bean 

Mz Maize 

Ww Winter ^eat 
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Re 


Sice 


Sn 


Seneeio vulgaris 


IP 


Ipoinea purpurea 


An 


Amaranthus retroflexus 


Pi 


PolygonxuD aviculare 


Ca 


ChenopodiuiQ album 


6a 


Galium aparine 


Xa 


Xanthium pensylvanicum 


Ab 


Abutilon theophrasti 


Co 


Cassia obtusifolia 


Av 


Avena fatua 


Dg 


Digitaria sanguinalis 


Al 


Alopecurus nyosuroides 


St 


Setaria viridis . 


EC 


Echinochloa crus.-galli 


Sh 


Sorghum halepense 


Ag 


Agropyron repens 


Cn 


Cyper\is rotimdas 
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TABLE 12 - PART A 



Com- 


APPLICATION 








TEST 


PLANT 










pound 
No 


Method Rate 
Ikg/ha) 


Sb 


Rp i 


Ct 


Sy J 




Ww 


RC 


Sn 




Am 


Pi 


8 


PRE 


























8 


POST 


2.0 
























8 


POST 


0.2 


- 


- 


- 


- 


4 


0 


2 


- 


- 


- 


- 


8 


POST 


0.05 


— 


- 


- 




3 


0 


1 


- 


- 


- 


- 


17 


PRE 


0.2 
























17 


POST 


1.0 


* 






















17 


POST 


0.2 
























17 


POST 


0.05 












1 












20 


PRE 


0.4 












5 












20 






- 


- 


- 


- 


5 


5 


5 


- 








20 


"DDI? 


n OR 

u • U w 


- 




- 




5 


3 


5 


- 


- 


- 


- 


20 


POST 


0*2 


- 


- 


- 


— 


5 


4 


4 


- 


- 


- 


- 


20 


rUb 1 


U ■ U3 


- 


- 


- 


— 


4 


0 


4 


- 






- 


20 


IT WO X 












3 


0 


*> 

2 






- 




20 


POST 


0.01 










2 


1 


0 










21 


PRE 


0.2 






— 




4 


5 


5 


— 


— 






21 


PRE 


0.05 








- 


2 


1 


4 










21 • 


POST 


0.2 










5 


3 


3 


i - 








1 21 


POST 


0.05 










4 


0 


5 










27 


PRE 


0.2 
























27 


POST 


1.0 




















i 




27 


1 

: POST 


0.2 






















' 27 


• POST 


0.05 


1 






















32 


• POST 


0.4 


i 








5 


4 


4 








1 * 


32 


• POST 


0.1 


I 








5 


lo 


2 






i 


1 . 

i 


32 


POST 


0.02 










1 


i 


0 

1 








i - 

1 

1 

1 



0104876 

- 84 - 



TABLE 12 - PART B 



Com- 
poimd 

No 


APPLICATION 
Method Rate 
(kgAa) 


TEST PLANT 


Ga 


Xa 




Co 


Av 


Dg 


Al 


St 


EC 


1 

Sh 


Ag 


8 


PR£ 


0.4 


- 


- 


- 


- 


1 


- 


4 


- 


- 


- 


- 


8 


POST 


2.0 
























8 


POST 


0.2 




- 


- 


- 


2 


4 


1 


4 


4 


4 


0 


p 


POST 


0.05 




- 


- 


- 


0 


4 


• - 


3 


4 


1 


- 


17 


PB£ 


0.2 




- 


- 


— 


5 


— 


5 


— 








17 


POST 


1.0 
























17 


POST 


0.2 
























17 




U mvS 
























20 


PB£ 


0.4 


- 


- 


- 


- 


5 


- 


5 


- 


- 


- 


- 


20 


PRE 


0.2 




— 


- 


mm 


5 


5 


5 


5 


5 


5 


5 


20 


OP? 


U .U9 


1 

1 - 








5 


3 


5 


5 


5 


4 


5 


20 


POST 


0.2 


1 

1 


- 


- 


- 


5 


4 


4 


5 


5 


4 


3 




POST 


0.05 


1 
t 








4 


4 


3 


4 


4 


4 


1 


ZU 


POST 


0.C2 


i 

I 
• 

1 








4 


2 


3 


4 


4 


3 


0 


20 


POST 


0.01 








0 


1 


1 


3 


3 


2 


C 




PfiE 


0.2 








5 


4 


5 


3 


5 


4 


5 


21 


PJRE 


0.05 


i 








5 


3 


4 


1 


1 


2 


1 


21 


POST 


0.2 


I . 

i 








5 


5 


4 


5 


5 


4 


3 


21 


POST 


0.05 


: 
1 








4 


5 


4 


4 


4 


4 


1 


27 


P8E 


0.2 • 


I 

1 - 








5 




5 










27 


POST 
1 POST 


1.0 


1 
J 

1 






















27 


0.2 


1 














i 

1 








I 


POST 

* 


0.05 
























i 

32. 


1 POST 


0.4 




i " 




mm 


5 


5 


5 


1: 


5 


5 


5 


32 


: POST 


0.1 




1 ■ 






5 


5 


5 




5 


5 


4 


1 " 


' POST 


0.02 




i 


1 

i 




2 


4 


4 


! 


4 


4 


1 
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1. A compound of formula I or an isomer thereof 




I 



wherein: 

Z is selected from oxygen and the group -YAn wherein Y 
is selected from to Cg alkyl and benzyl and An is an 
anion selected from halide, tetrafluoroborate, roetho- 
sulfate and f luorosulf ate ; 

X, which may be the same or different, are independently 
selected from the group consisting of: halogen, nitro; 
cyano; to Cg alkyl; Cj^ to Cg allcyl substituted with 
a s\ibstituent selected from the group consisting of 
halogen r nitro, hydroa^, to Cg alkoaqr and Cj^ to Cg 
alkylthio; Cj to Cg alkenyl; Cj to Cg alkynyl; hydroxy; 

to Cg alkoxy; to Cg alko^ substituted with a 
substituent selected from halogen and to Cg alkoxy; 
^2 ^6 all^^yl<5^? ^2 to Cg alkynyloxy; C2 to Cg 
alkanoyloxy; (Cj^ to Cg alkoxy) carbonyl; to Cg alkyl- 
thio? to Cg alkylsulfinyl; to Cg alkylsulf onyl; 
sulfamoyl; N-(Cj^ to Cg alkyl) sulfamoyl; N,N-di(Cj^ to Cg 
alkyl) sulfamoyl ; benzyloxy; substituted benzyloxy 
«riierein the benzene ring is substituted with from one 
to three substituents selected from the group consisting 
of halogen, nitro, C^^ to Cg alkyl, C^^ to Cg alkoxy and 
^1 ^6 *^al^al^ylJ group NR \dierein and R 
are independently selected from the group consisting 
of hydrogen, to Cg alkyl, Cj to Cg alkanoyl, benzoyl 
and benzyl; the groups formyl and Cj to Cg alkanoyl 
and the oxime, imine and Schiff base derivatives there- 
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of; 

is selected from the group consisting of: hydrogen; 
Cj^ to Cg alley 1; to Cg aUcenyl; to Cg alkynyl; 
substituted to Cg alkyl wherein the alkyl group is 
substituted with a substituent selected from the group 
consisting of to Cg aUcoxy, C^ to Cg alley Ithio, 
phenyl and substituted phenyl wherein the benzene ring 
is substituted with from one to three substituents 
selected from the group consisting of halogen, nitro, 
cyano, C^ to Cg alley 1, C^ to Cg haloalkyl, C^ to Cg 
alkoxy and to Cg alkylthio? Cj^ to Cg alkyl ~ 
sulfonyl; benzenesulfonyl; s\:ibstituted benzenesulfonyl 
lAerein the benzene ring is substituted with from one 
to three substituents selected from the groiop consist- 
ing of halogen, nitro, cyano, Cj^ to Cg alkyl, C^^ to Cg 
haloalkyl, C^ to Cg alkoxy and C^^ to Cg alkylthio;. 
an acyl grov^; and an inorganic or organic cation; 

2 

R is selected from the group consiting of: C^ to Cg 
alkyl; Cj to Cg alkenyl; Cj to Cg haloalkenyl; Cj to Cg 
alkynyl; Cj to Cg haloalfcynyl; substituted Cj^ to Cg 
alkyl wherein the alkyl group is si:tbstituted with a sub- 
stituent selected from the group consisting of halogen, 
C^ to Cg alkoxy, C^ to Cg alkylthio; phenyl and sub- 
stituted phenyl \riierein the benzene ring is substituted 
with from one to three substituents selected from the 
group consisting of halogen, nitro, cyano, C^ to Cg 
alkyl, C]^ to Cg haloalkyl, C^^ to Cg alkoxy and C^ to Cg 
alkylthio; 

is selected from the group consisting of: to Cg 
alkyl; to Cg fluoroalkyl; Cj to Cg alkenyl; Cj to Cg 
alkynyl; and phenyl; 
# 

R** is selected from the group consisting of: hydrogen; 
halogen; cyano; C^ to Cg alkyl; and {C^ to Cg alkoxy)- 
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car bony 1; 

k is zero or the integer 1; and 

n is zero or an integer selected from 1 to 4. 

2. A compound according to claim 1 wherein; 

Z is selected from oxygen and the group -YAn wherein 
Y is selected from C^^ to Cg alkyl and benzyl and An 
is an anion selected from halide, tetraf luoroborate , 
methosulfate and f luorosulfate; 

X, which may be the same or different, are independently 
selected from the group consisting of: halogen, nitro; 
cyano; to Cg alkyl; Cj^ to Cg aUcyl substituted with 
a substi^uent selected from the group consisting of 
halogen, nitro, hydroxy, Cj^ to Cg alkoxy and Cj^ to Cg 
alkylthio; Cj to Cg alkenyl; Cj to Cg alkynyl; hydroxy? 

to Cg alkoxy; C^ to Cg alkoxy substituted with a 
substituent selected from halogen and C^^ to Cg alkoxy; 
Cj to Cg alkenyloxy; Cj to Cg alkynyloxyj Cj to Cg 
alkanoyloacy; (Cj, to Cg alkoxy) carboiyl; C^^ to Cg 
alkylthio; Cj^ to Cg all^lsulfinyl; to Cg alkyl- 
sulfonyl; sulfamoyl? N-(Cj^ to Cg alkyl) sulfamoyl; N,N- 
di(Cj^ to Cg alkyl) sulfamoyl; benzyloxy; substituted 
benzyloxy wherein the benzene ring is substituted with 
fran one to three substituents selected from the group 
consisting of halogen, nitro, Cj^ ^^..^5 alkyl, C-^ to Cg 
alkoxy and C, to C^ haloalkyl; the group NR^R^ wherein 
R and R are independently selected from the group 
consisting of hydrogen, to Cg alkyl, Cj to Cg 

alkanoyl, benzoyl and benzyl; and the group of . the 

7 ' 8 7 
formula -C(R )=NR wherein R is chosen from hydrogen 

and C^ to C^ alkyl, and R^ is chosen from hydrogen, 

^1 ^° *-6 ^^y^' phenyl, benzyl, hydros^, Cj^ to Cg 

alkoacy, phenoxy and benzyloxy; 
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is selected from the grovqp consisting of: hydrogen? 
to Cg alkyl; Cj to Cg aJJcenyl? to Cg aUcynyl; 
substituted to Cg alkyl ^rtiereia the alkyl group is 
substituted with a substituent selected £rain the group 
consisting of Cj^ to Cg alkoxy, C^ to Cg alkylthio, 
phenyl and substituted phei^l wherein the benzene ring 
is substituted with from one to three substituents 
selected frtan the group consisting of halogen, nitro, 
cyano, C^^ to Cg alkyl, Cj^ to Cg haloalkyl, to Cg 
alkoxy and to Cg alkylthio; C^ to Cg alkylsulfonyl; 
benzenesulfonyl; substituted benzenesulfonyl wherein the 
benzene ring is substituted with from one to three 
substituents selected from the group consisting of 
halogen, nitro, cyano, to Cg alkyl, to Cg halo- 
alkyl, Cj^.to Cg alkoxy and C^ to Cg alkylthio; Cj to 
Cg alkanoyl; benzoyl; substituted benzoyl wherein the 
benzene ring is substituted with from one to three 
substituents chosen from the group consisting of 
halogen, nitro, cyano, C^^ to Cg alkyl, Cj^ to Cg halo- 
alkyl, to Cg alkoxy and to Cg alkylthio; 2-furoyl; 
3-furpyl; 2-thenoyl; 3-thenoylj and an organic or 
inorganic cation selected frcan the alkali metal ions, 
the alkaline earth metal ions, the transition metal 
ions and the ammonium ion R^R^^R' wherein R , 

R^O, and R^^ are independently selected from the 
group consisting of: hydrogen; C^ to C^q alkyl; 
substituted to C^q alkyl wherein the alkyl gxovp 
is substituted with a substituent selected from the 
group consisting of hydroxy, halogen and C^^ to Cg 
alXoxy: phenyl; benzyl; and the groups substituted 
phenyl and substituted benzyl wherein the benzene ring 
is substituted with from one to three substituents 
selected from the group consisting of halogen, nitro, 
cyano, Cj^ to Cg alkyl, C^ to Cg haloalkyl^ C^ to Cg 
alkoxj' and C, to Cg alkylthio; 
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2 

R is selected from the group consisting of: Cj^ to Cg 
alkyl; Cj to Cg alkenyl; Cj to Cg haloalkenyl; Cj to Cg 
alkynyl; Cj to Cg haloalkynyl; substituted C^^ to Cg 
alkyl wherein the alkyl group is substituted with a 
substituent selected from the group consisting of 
halogen, to Cg alkoxy, Cj^ to Cg alkylthio, phenyl 
and substituted phenyl wherein the benzene ring is 
substituted with from one to three substituents selected 
from the group consisting of halogen, nitro, cyano, C^ 
to Cg alkyl, Cj^ to Cg haloalkyl, C^^ to Cg alkoxy and 
Cj^ to Cg alkylthio; 

is selected from the group consisting of: Cj^ to Cg 
alkyl; Cj^ to Cg fluoroalkyl; C2 to Cg alkenyl; Cj to Cg 
alkynyl? and phenyl; 

R* is selected from the group consisting of: hydrogen; 
halogen; cyano; Cj^ to Cg alkyl; and CCj^ to Cg alkoxyi- 
carbonyl; 

k is zero or the integer 1; and 

n is zero or an integer selected from 1 to 4. 

3. A compoimd according to claim 1 or claim 2 
wherein: 

Z is oxygen; 

X is selected from the groijp consisting of: halogen; 
nitro; cyano; Cj^ to Cg alkyl; C^^ to Cg aU^l substi- 
tuted with halogen, nitro or C^ to Cg alkoxy; Cj^ to Cg 
alkoxy; Cj^ to Cg alkoxy substituted with halogen or Cj^ 
to Cg alkoxy; Cj to Cg alkanoyloxy; CCj^ to Cg alkoxyl- 
carbonyl; Cj^ to Cg alkylthio; Cj^ to Cg alkylsulfinyl; 
Cj^ to Cg alkylsulfonyl; sulfamoyl; N-(Cj^ to Cg alkyl) - 
sulfamoyl; N^N-di(C, to C-. alkyl) sulfamoyl; benzyloxy; 
substituted benzyloxy wherein the benzene ring is sub- 
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stituted with from one to three substituents selected 
from the group consisting of halogen, nitro, Cj^ to C 
alkyl, to Cg alkoxy and C, to Cg haloaUcyl; the 
group NR R wherein and R* are independently selected 
from hydrogen, to Cg alkyl, to Cg aUcanoyl, benzoyl 
and benzyl; and a group of the formula -C(r')=:NR® where- 
in R is selected from hydrogen and Cj^ to Cg alkyl and 
R is selected from hydrogen, C^^ to Cg alkyl, phenyl, 
benzyl, hydroscy, Cj^ to Cg alkoxy, pheno3(y and benzyloxy; 

R^ is selected from the group consisting of: hydrogen; 
^1 ^° alkyl; Cj to Cg alkenyl; Cj to Cg alkynyl; 
substituted to Cg alkyl wherein the alkyl group is 
substituted with a substituent selected from the group 
consisting of "C^^ to Cg alkoxy, c^^ to Cg alkylthio, 
phei^l and siibstituted phenyl wherein the benzene ring 
is substituted' with from one 1:o three substituents 
selected from the gxo\3p consisting o£ halogen, nitro, 
cyano, C^^ to Cg alkyl, C^^ to Cg haloaU^l, C^^ to Cg 
alkoxy and C^^ to Cg alkylthio; to Cg alkylsulf onyl ; 
benzenesulfonyl; substituted benzenesulfonyl wherein the 
benzene ring is substituted with from one to three 
substituents selected from the group consisting of 
halogen, nitro, cyano, C^^ to Cg alkyl, C^^ to Cg halo- 
alky 1, to Cg alkoxy and to Cg alkylthio; to Cg 
alkanoyl; benzoyl; substituted benzoyl wherein the' 
benzene ring is substituted with from one to three sub- 
stituents chosen from the groyjp consisting of halogen, 
nitro, cyano, to Cg alkyl, Cj^ to Cg haloalkyl, Cj^ 
to Cg alkoxy and Cj^ to Cg alkylthio; 2-furoyl; 3- 
furoyl; 2-thenoyl; 3-thenoyl; and an organic or in- 
organic cation selected from the alkali metal ions, 
the alkaline earth metal ions, the transition metal 
ijjs a^ the aMuonium ion R^R^°R^^^^N® \Aerein R^, 
R , R and R are independently selected from the 
group consisting of: hydrogen; C, to C,* alkyl; 



0104876 

• 91 - 

substituted to C^^q alkyl wherein the alkyl group 
is substituted with a substituent selected from the 
groisp consisting o£ hydro9V# halogen and to Cg 
alkoxy; phenyl; benzyl; and the groups sxibstituted 
phenyl and s tabs titu ted benzyl wherein the benzene ring 
is stobstituted with from one to three substituents 
selected from the group consisting of halogen, nitro, 
cyano, C^^ to Cg alkyl, Cj^ to Cg haloalkyl, Cj^ to Cg 
alkoxy and C^ to Cg alkylthio; 
2 

R is selected from the grov^ consisting of: C^ to 
Cg alkyl; Cj to Cg alkenyl; Cj to Cg haloalkenyl; Cj to 
Cg alkynyl; to Cg haloalkynyl; substituted to Cg 
alkyl wherein the alkyl group is substituted with a s\ab- 
stituent selected from the group consisting of 
halogen, C^^ to Cg alkoay, to Cg alkylthio, phenyl 
and substituted phenyl wherein the benzene ring is 
substituted with from one to three substituents 
selected from the group consisting of halogen, nitro, 
cyano, Cj^ to Cg alkyl , Cj^ to Cg haloalkyl, to Cg 
alkoxy and C^ to Cg all^lthio; 
3 

R is selected from the group consisting of: Cj^ to 

Cg alkyl, Cj^ to Cg f luoTOalky 1 , C^ to Cg alkenyl, Cj to 

Cg alkynyl and phenyl; 

4 

R is selected from the group consisting of: hydrogen; 
halogen? cyano; to Cg alkyl; and LC^ to Cg alko^)- 
carbonyl; 

k is zero or the integer 1; and 

XX is zero or an integer selected from 1 to 4« 

4. A compound according to any one of claims 1 to 3 
inclusive wherein: 



Z is the group -YAn wherein Y is selected from C^ to C 
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alkyl and An is a halide anion; 

X are independently selected from the group consisting 
of to Cg alkyl, to Cg alkoxy, C^^ to Cg allcylthio, 
^1 ^ ^6 ^Ikylsulfinyl, to Cg alkylsulfonylr halogen 
and Cj^ to Cg haloalkyl; 

is selected from the group consisting of: hydrogen; 
C2 to Cg alkanoyl; benzoyl and substituted benzoyl 
wherein the benzene ring is substituted with from one 
to three substituents selected from the group consisting 
of halogen, nitro, C^ to Cg alkyl and to Cg alkoxy; 
benzenesulfonyl and substituted benzenesulfonyl wherein 
the benzene ring is substituted with from one to three 
substituents selected from the group consisting of 
halogen, nitro, Cj^ to Cg alkyl and Cj^ to Cg alko3cy; and 
an inorganic or an organic cation selected from the 
alkali metals, the alkaline earth metals, the transition 
metals, the ammonium ion and the tri- and tetra- (alley 1)- 
ammonium ions wherein alkyl is selected from C^ to Cg 
alkyl and Cj^ to Cg hydroxyalkyl; 

is selected from the group consisting of: C^ to Cg 
alkyl, Cj to Cg alkenyl, Cj to Cg alkynyl, C^^ to Cg 
haloalkyl, Cj to Cg haloalkenyl and Cj to Cg halo- 

alkynyl; 

is selected from to Cg alkyl; 

R* is selected from hydrogen, halogen and (Cj^ to Cg 
alkoxy) carbony 1 ; 

k is zero or the integer 1; and 

n is zero or an integer selected from L to 4. 

5. A compound according to any one of claims 1 to 
4 inclusive of formula III 
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vfaerein: 

X are independently selected from the group consisting* 
of to Cg-alkyl, Cj^ to Cg alkoxy, halogen and C^^ to 
Cg haloalkyl; 

is selected from the group consisting of hydrogen, 
to Cg alkanoyl, benzoyl, the alkali metals, the 
transition metals, the ammonium ion and the tri- and 
tetra- ( alky 1) ammonium ions wherein alkyl is selected 
from Cj^ to Cg alXyl and Cj to Cg hydroxyalkyl; 

is selected from the grotap consisting of: Cj^ to C^^ 
alkyl, to C3 haloalkyl, allyl, haloallyl and 
propargyl; 

is selected free to C^ alkyl; 

R^ is selected from hydrogen and (C^ to Cg alkoxy)- 
carbonyl; 

k is zero; and 

n is selected from tiie integers 3 and 4. 



6. A compound according to any one of claims 1 to 5 
inclusive v^erein: 
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X are independently selected from the group consisting 
of to Cg alkyl, to Cg alkoxy, halogen and to 
Cg baloaJJcyl; 

R**" is selected fran the groiap consisting of hydrogen, 
Co to alkanoyl and the alkali loetals; 

is selected from the group consisting of to Cj 
alkyl, to haloaUcyl, allyl, haloallyl and 
propargyl; 

R^ is selected from to alkyl; 
4 

R is hydrogen; 
k is zero; and 

n is selected from the integers 3 and 4« 

7. A coimound according to any one of claims 1 to 
6 inclusive wherein: 

X are independently selected from the group consisting 
of methyl, methoxy, ethoxy, bromo, ehloro and tri- 

fluoromethyl; 

R^ is selected from the groxsp consisting of hydrogen, 
C2 to Cg alkancyl, sodium and potassium; 

R is selected from the groMp consisting of ethyl, 
n-propyl, allyl, propargyl, fluoroethyl and chloro- 
allyl; 

R^ is selected from ethyl and n-propyl; 
4 

R is hydrogen; 
k is 2ero; and 



n is an integer selected from 3 and 4. 
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8. A compound according to any one of claims 1 to 
7 inclusive selected from the group consisting oft 

2-/I- (ethoxyiinino) butyl7-3-hydro3y-5-/3- ( 2-metho3y-4 , 6- 
dimethy Ipyridy l)^7cyclohex-2-en-l-one ; 

2-^1- (ethoxyimino) buty l7"-5-/3- ( 2-ethoxy-4 , 6-dimethy 1- 
pyridyl)^7-3-hydroxycyclohex-2-en-l-one; 

2-^1- (ethoxyimino) butyl7-3-hydro^-5-^3- (4 , 6-dimethyl- 
2-methylthiopyridyl)^7cyclohex-2-en-l-one; 

5-^3- (4 , 5-dichloro-2 ,6-dime thy lpyridyl)^7-2-^I- (ethoxy- 
imino) bu^l7-3-hydro3^cyclohex-2-en-l-one ; 

5-/3- (2, 5-dichloro-4 ,6-dimethylpyridyl)i 7-2-^1- (ethoxy- 
imino) propy l7-3-hydroxycyclohex-2-en-l-one ; 

5-/3- { 2 , 5-dichloro-4 , 6-dimethylpyridy 1)^7-2-/1- (ethoxy- 
imino) bu^l7-3-hydroxycyclohex-2-en-l-one ; 

5-/3- ( 2-chloro-4 , 5 , 6-trimethylpyridy l]i 7-2-/I- ( ethoicy- 
imino) buty l7-3-hydroxycyclohex-2-en-l-one ; and 

2-/I- (ethoxyimino) butyl7-3-hydro:y-5-/3- (2-methoxy- 
4 , 5 , 6-trimethylpyri<tyl)^7cy clohex-2-en-l-one • , 

9. A compound of formula V 




wherein Z, X and k are as defined according to any one 
of claims 1 to 7 inclusive and n is an integer selected 
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from 3 and 4. 

10 • A confound of foxnula IX 




IX 



wherein Z, X, R , k and n are as defined according to 
any one of claims 1 to 7 inclusive, 

11* A compound of formula XIII 




XIII 



vherein Z, X, R , H , k and n are as defined according 
to any one of claims 1 to 7 inclusive. 

12, A herbicidal composition coiprising as active 
ingredient a compound as defined according to any one 
of claims 1 to 8 inclusive and a carrier therefor. 

13. A process for severely damaging or killing tm- 
wanted plants ^&icb process comprises ^plying to said 
plants, or to the growth medium of said plants, an 
effective amount of a compound as defined according to 
any one of .claims 1 to 8 inclusive or an effective 
amotmt of a cooposition as defined according to claim 
12. 
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14, A process for selectively controlling the 
growth of monocotyledonous weeds In dicotyledonous crops 
which process comprises applying to said crop, or to the 
growth xnedixim of said crop, a compound as defined accord* 
Ing to any one of claims 1 to 8 incliisive or a com- 
position as defined according to claim 12 in an amount 
sufficient to severely damage or kill said weeds but in- 
sufficient to substantially damage said crop. 

15, A process for selectively controlling the 
growth of monocotyledonous weeds in cultivated crops 
vdiich process comprises applying to said crop or to the 
growth medium of said crop a compound as defined 
according to any one of claims 1 to 8 inclusive or a 
composition as defined according to claim 12 in an 
amount sufficient to severely damage or kill said weeds 
but insufficient to substantially damage said crop. 

16. A process according to any one of claims 13 to 
15 inclusive wherein the compound is applied at a 
rate in the range of frcm 0.005 to 20 kilograms per 
hectare. 

17. A process for the synthesis of a compound of 
fozmula I a3 defined according to any one of claims 1 to 
8 inclusive which process ccmprises: 

reacting 2-acyl-5-(aryllcyclohexane-l,3«^lone derivative 
of fozmula ZIII with an alkoxyamine derivative of formula 
XVII to give a confound of the invention of fomula II 
or reacting the 2-acyl-5-(aryllcyclohexane-l,3-Haione 
derivative of formula XIII with hydroxy lamlne and 
alkylating the oxlme intermediate of formula XVIII with 
an alkylating agent of fonula XIX, wherein L is a 
leaving group, to give a compound of the invention of 
formula II; 
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OH 




XVIIl 
and, optionally # 

reacting the coo^oand of the invention of formula II 
with a compound of formula XX, wherein L is a leaving 
group, to give a ccB?>ound of the invention of formula 




XX 



z 
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18. A compound of formula I as defined according 

to any one of claims 1 to 8 inclusive substantially as 
herein described with reference to any one of Examples 
1 to 12 inclusive. 

19. A conposition as defined according to claim 12 
substantially as herein described with reference to any 
one of Examples 13 to 16 inclusive. 

20. A process as defined according to any one of 
claims 13 to 16 inclusive substantially as herein des- 
cribed with reference to any one of Examples 14 to 16 
inclusive • 

21. A process as defined according to claim 17 
substantially as herein described with reference to any 
one of Examples 1 to 12 inclusive. 

DATED this day of 1983 



ICI AUSTRALIA LIMITED 



